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&SUMMARY
The Squad Weapons Analytical Trainer (SWAT), is an electro-optic

based, microcomputer controlled, training device that enables tactical
infantry weapons training with an M-16 rifle and 16mm motion picture
projectors which simulate a high stress battlefield environment. In a.short period of time a trainee can be subjected to a large variety of
combat situations where each trainee's performance is analyzed in real-
time and immediate feedback is given to both the trainees and instruc-
tor. Combat scenarios can be changed to fit any potential battlefield
requirement.

Prototype models were constructed by the Research and Technology
Department, NTEC, Orlando, Florida for both PM TRADE and the U.S. Marine
Corps. These models were successfully tested by the U.S. Army Infantry
Board (USAIB) for the Directorate of Training Developments, U.S. Army
Infantry School, Fort Benning, Georgia and at Camp Lejeune, North Caro-
lina by the U.S. Marine Corps. It was stated that the tests did give
some evidence of the SWAT system's potential for training transfer (Ref.
9). Furlrmore, enlisted men, snipers and a variety of General, Field

Sand Company grade officers who fired and observed the SWAT stated that
it was a valuable training tool (Ref. 8).

PM TRADE and USMC sponsored work is continuing on this program to
'in develop the capability to add other weapons i.e., Dragon, LAW, M-60

machine gun, etc.

4 ~The PM TRADE project manager, was Dr. B. Rashis. The authors wish
to thank him for the helpful assistance he gave during this program.
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INP'

I SECTION I

I INTRODUCTION

The Squad Weapons Analytical Trainer (SWAT) is an electro-optic based,
microcomputer controlled, training device that enables tactical infantry
weapons training with an M-16 rifle, under a simulated high stress battle-
field environment. In a short period of time a trainee can be subjected to
a large variety of combat situations where each trainee's performance is

I analyzed in realtime, and immediate feedback is given to both the trainees
and instructor. Combat scenarios can be changed to fit any potential bat-
tlefield requirement. An artist's concept of the trainer is shown in
Figure I-1.

1 --

Arl

t ,,

v Figure 1-1. Artist's Concept

SThis training device provides the trainees or instructor the follow-
ing simulated weapons effects and feedback information:

it

0 Weapon recoil

0 Weapon bang

0 Magazine action
] •~ Automatic or single shot simulation !L ll



0 Lead and elevation if applicable, is programmed in the system i

* Real-time individual audio scoring feedback, using computer gen-
erated voice, via a headset [

* Trainee feedback data displayed in columns on TV type monitor
for instructor observation

0 Reaction time

* Movement of weapon relative to correct kill zone is observed
by instructor and recorded for playback.

0 Lowest performer indicated to instructor

0 Identification of trainee responsible for shooting with no tar-
get present

* Built-in self-check features

0 Score determined [
0 Hardcopy of scoring results

2(
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1" SECTION II

SYSTEM DESCRIPTION

A This section of the report describes the system. Details of the
system design are included in Section III.

The system utilizes two motion picture projectors: a visual and an F

infrared (IR) target spot projector (see Figure II-1). The visual pro-
jector displays the battle scene including the visual targets. The infra-
red projector provides invisible infrared target areas at which the weapon I
must be aimed in order to score a hit. Lead is programed into the infra-
red target film, which the weapon receiver detects, requiring the trainee

to lead the target as necessary. Figure I-1 shows the visual target on
the left and the infrared target on the right indicating that the target
is moving to the right.

Each trainee has a simulated M-16 rifle with an attached infrared (IR)
receiver. The IR detector is a four-quadrant photodiode. The four-quad-
rant target information and microcomputer logic determines kills, eight
areas of near misses, and total misses. The regions of near miss include
high, low, left, right, high right, high left, low left, and low right.

INSTIUCTOR SIATION

CRT CRT

--I .. I

INSTRUCTOR6

PIOPCIOSI IN I C

, ~ ~~~~~SCKI(N o pO or ,

(1) OF (SI RWLE STATONS L" ,ICRGCQMPUY(R

VOICI UNIT ,

64114 (LECTRONICS - j

Figure II-1. System Block Diagram
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When the trainee fires the weapon he hears a simulated bang and feels
a recoil. Recoil is generated by a short pulse of air released near the
front sight which drives the weapon high and to the right. An 8080 based
microcomputer determines where the round would have hit using the detector's
quadrant data and supplies this information to both a computer generated
voice unit and a CRT display on the instructor's console. The computer
voice unit drives both the trainee and instructor headsets. When a target
appears on the screen, the IR projector outputs a target present signal
from the magnetic audio stripe on the film. This signal starts a clock in
the microcomputer which measures the time until the trainee fires, or effec-
tively his reaction time. The target present signal is also used to deter-
mine the number of targets that appeared, targets ignored, targets shot at
and if the trainee fired when no target was present. Trainee results are
continuously displayed in columns on a CRT display on the instructor's sta-
tion. At the completion of the exercise, the results, analyzes and response
time are printed by a terminal at the instructor's station.

Distribution of fire can be monitored using a gallium arsenide laser
infrared source located in the flash hider part of the rifle. The projected
IR laser spot is invisible to the trainee but is detected by an infrared
television camera and displayed by a CRT located on the instructor's console
as shown in Figure 11-1. When the rifle is fired the IR spot projector
illuminates the screen with a small IR spot. If the instructor wants to con-
tinuously monitor rifle motion the IR aiming spot is left on continuously . -

and the laser spot brightens when the trainee shoots. The TV camera
data can also be recorded for playback during debrief.

Figure 11-2 shows the rifle electronics and two projected targets.
Discrimination of the infrared targets is enhanced by projecting the IR
targets at frequencies different from the visual scene signals and amplify-
ing the infrared targets. The motion picture projectors have also been
modified to incorporate hot and cold mirrors, whose function will be de-
scribed.

TRAIEE HEADSET

COMIPUTRP 111NRIA111D VOICE

SANG I

I INSTR UCTOR! COMM ANDS

TO~t4 OUADEAT DATA

TARGET SCREEN FOUR OUADEANT PHOT.0 DI IC C SINGLE O AUTO MODE

ASSIMSY A 11 FILTERE Cti DATA %,

LPN U MA11C SOUR CE

TI IGGIR DATA

INFFEE AMPLIFIERG

INFEARED TARGET 96 H. SEL|CTAGLE AUTO O SINGLE SHOT
SULATDAM M AGZN

VISUAL TAIGET 480,

. LATCH AS~l H

UADIANI DATA f I-AO1 LUATHOI
OMSLATCHES DATA IC A

MICEOCOMPUTII- LEUL OF DIFTII lTI ADJUST

T01001 AD Hotc .1-A)R DATA *EAPt STROSE

MAGAZINE TO NI.11l
SANG L1I

SEMULAP N ri! SAN SIMUIAhON

4 TO ITTAIN| HIAPST

Figure 11-2. Rifle Electronics Block Diagram



The visual projector contains a hot mirror. This multilayer dielectric
mirror reflects or removes most of the infrared above 750 nanometer from
the visual scene. The infrared projector contains a cold mirror. The cold
mirror reflects the visual energy and passes the infrared energy above 750
nanometers. This allows a weapon equipped with an infrared receiver to ig-

nore the visual data and obtain its target data from the infrared projector.

The S/N ratio of the system is further improved by using two different
projector chopper frequencies. In the visual projector the chopper is a
two bladed equally divided shutter. In the IR projector the chopper is a
four bladed shutter. The visual scene is chopped or shuttered at a frequency
of 48 Hz; the IR data is shuttered at a frequency of 96 Hz. By using two
different chopping frequencies active filters in the weapons IR receiver
can be tuned to detect the infrared target spot and ignore the visual bat-
tle scene. The projectors are frame locked together synchronously.

The rifle uses an IR detector consisting of a lens and a four-quadrant
photo diode detector to detect infrared targets. An infrared filter is
utilized in the weapon optical system to reduce the visual signal effect on
the photo detector. The photo detector signals are amplified by two bi-FET
operational amplifiers. A voltage comparator sets a threshold to establish
a digital "one" or "zero". The voltage reference level of the comparator
can be set to adjust the level of difficulty. The voltage comparator data
is latched and delivered as input to the microcomputer system for data anal-
ysis, display and feedback.

The rifle can operate in either a single-shot or automatic mode and
requires the trainee to reload after he has fired thirty rounds. The rifle's
simulated magazine contains a capacitor. When the magazine is inserted into
the rifle this internal capacitor is discharged, which resets a counter.

Bang simulation is achieved by filtering a noise source and then pro-
ducing a noise envelope with a sharp rise time and exponential decay.

The training rifle is shown in Figure 11-3. The four-quadrant detector
is located on top of the barrel and the flash hider contains a gallium ar-
senide IR laser. The rifle is a replica but contains real sights that are
adjustable. The plastic hose shown attached to the rifle, Figure 11-3, is
used to carry the air for recoil.

The instructor's console is shown in Figure 11-4. The right hand CRT
displays the verbal data transmitted to each trainee in five columns. The
lowest score is automatically flagged by a LED under the applicable trainees
column. This alerts the instructor so he can more closely observe that
trainee. The left hand side of the console contains a CRT display used to
monitor the weapon motion. Communication to the microcomputer is via a

A terminal shown in front of the instructor. See Appendix E for description
of the switches on the console.

5
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Figure 11-3. M-16 Training Rifle

Fi qure 11 -4. Instructor's Console
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Figure 11-5. Trainees Firing at Screen

0 Figure 11-6. Synchronized Visual and IR Projectors
7



Figure 11-5 shows the trainees firing at the screen. Note each
trainee wears a headset for individual feedback.

Figure 11-6 shows the projectors. Loopers (a closed-loop film strip)
are used so rewinding is not necessary. An auto-stop/auto-align feature
is visible near the loopers.

The computer voice system is a solid state communications processor.
It operates as a standard data terminal to the host 80/20 microcomputer
system. The vocabulary has been digitized and stored in nonvolatile mem-
ory (PROM). The system contains thirty-two individually addressable words
and five independent output channels. Thus, the computer voice system can
talk to any or all of the five trainees while saying the same or different
words or phrases. Each trainee wears a headset so he hears only the feed-
back applicable to his performance.

The system is controlled by a modified Intel 80/20 microcomputer sys-
tem.

Section III, next, describes the system design.

8



SECTION III

SYSTEM DESIGN

A. PROJECTORS

The motion picture projectors are two Hokuskin, 16m sound projectors
equipped for frame-for-frame sync. The lamp is a 500 watt Xenon-arc, type
KXL-500H. One projector is used as an IR target spot projector. The IR
projector uses a cold mirror to remove the visual energy, Melles Griot,
03MHGDO7. The transmittance of the hot and cold mirrors are shown in Fig-
ure lll-1.

Loopers are utilized instead of reels to eliminate the necessity of

AJ[LC9N70T I JM401407680 WAV[7.GTI 78 NAN(O4VTIRS

Figure III-1. Transmittance of Hot and Cold Mirrors

The projectors are equipped for either optical or magnetic sound re-
production. Sound for the battle scene is recorded for optical pickup on
the visual projector.

Target present signals are recorded on the magnetic stripe of the IR
film. The target present signal is a 1 KHz audio tone, which is decoded
by an electronic tone decoder, Figure III-2.

The battle scene film was both taken and projected using a 25nmm focal
length lens to minimize perspective distortion.

The IR projector has a modified four bladed shutter which chops the
IR data at a frequency of 96 Hz. The visual projector has a conventional
two bladed chopper which chops the visual scene at 48 Hz.
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The projectoi . are equipped with an auto-stop feature which allows
the film to be stopped at any desired location by simply placing a foil
metal strip on the desired stop location.

The screen is silver matte, 9 ft x 12 ft overall.

B. RIFLE ELECTRONICS

The rifle electronics detect the IR target spot, amplifies, discrim-
inates and provides digital data to the 8080 based microcomputer.

The detector optics is a single element double convex lens, with a
diameter of 29mm and focal length of ll4mm.

The IR detector is a four-quadrant silicon photodiode. This device
consists of four discrete elements on a single substrate with an active
output lead from each element. When the weapon is aimed properly the in-
frared target spot is centered on the detector and the output current from
each quadrant is equal. As the rifle is moved the currents change as a
function of the location of the infrared target spot on the detector. Im-
balance in the current indicates off-center position. The detector has an
active area of 0.05" x 0.05" per element with a gap of 0.005" between ele-
ments. The detector physical geometry and spectral response is shown in
Figure 111-3.

4- -I7~'N% ACTIVE

- 0.05, 0..
- 240 PER

0
200 300 400 $00 60 700 M0 "D 1600 1100

MAVflER6TH (MMMU)

Figure 111-3. Photo Detector Spectral Response and Geometry

The field of view of the IR detector is approximately seven inches on
the screen.

The currents from the diode are input to an operational amplifier,
TL082. iThe photo diode detector is basically a current source with an
output mpedance which is very large. The first stage of the current-to-
voltage converter presents almost zero load impedance to ground because

4' the inverting input appears as a virtual ground. The input current from
the diode flows through the two Megohm feedback resistor, generating an
output voltage.

o 11



III

2 It
,T 4,' , 51 ''  , -, ."4,Ta N >O IC5O >m"

'+ ,if 4  & , 4 4t iN

_ I d 5 td d-

- -- L - - , iL- I" ' f ' I L __',,e,

- o

fill _ + :Iix i
., 41 . a 1, .iL ,

L-I.
!",04

4. 0

II .s . - .5 -- VI-

i 4 4

00

lTt WO St5.

4~9£

TI i- "4

104



voltage = id Rf
out

where

F  = 2 Megohm
Id  = detector current

A separate channel is used for each of the four quadrants. The out-
put from the current-to-voltage amplifier goes to a noninverting amplifier
with a gain of 23. This stage is also part of the TL082. The electronics
described above is located on Board #1, Pre-Amp. (Figure 111-4)

Input signals to the active filter are 48 Hz from the visual scene,
96 Hz from the IR target spot and any extraneous light. The active filter
is used to pass and amplify the desired IR signal at 96 Hz and reject all
other signals.

The UAF - 41 is a two pole active filter. It uses three operational
amplifiers in a double integrator feedback loop to generate two conjugate
poles. Location of the poles in the complex plane, and thus the natural
frequency and Q are determined by external resistors.

The equivalent configuration of this band pass filter is shown in Fig-
ure 111-5. The filter is designed for a 96 Hz center frequency with both
a Q and gain of 50.

2. K SA

I6UT . oM Rt1  R2 1.21 Cl 7

SJOK. 1.2N 14 io00F 50Kl SOlK I00 pF

Figure 111-5. Bi-Quad Active Filter

Both the active filters and voltage comparators are located on Board
#2, Figure 111-6. The output of the active filter is a sine wave with a
frequency of 96 Hz. The output sine wave goes positive and negative about
a zero volt reference level. This output is clamped and fed to a voltage

'.3 comparator. The voltage comparator changes the analog detector signal to
a digital signal. The input signal level for a one or zero is determined

0 13
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by a resistor or reference voltage setting. Each of the four voltage comn-
parator channels has its own reference voltage setting resistor, i.e., R33,
R34, R35, and R36. The reference voltage setting controls the degree of
difficulty in hitting a target. The detector signals next go to ICI, a
7408 AND gate, Board #3, Figure 111-7. If the trainee pulls the rifle
trigger and has rounds remaining in his magazine# the NAND gate is enabled
by an input from Board #4. Board #4 is shown in Figure 111-8. IC2 and
IC3, Board #3 are 9024 JK flip flops configured as latches. Each 9024 has
two latches. The 9024 is reset by the microprocessor after it has accepted
the four-quadrant IR target spot data. IC4, Board #3 is a line driver.

Board #5, Figure 111-9, is connected to the rifle trigger. ICI, a
5437, containing NAND gates, debounces the trigger and applies 5 volts to
1C3. IC3, a timer, provides pulses of 12 Hz, which is the firing rate of
the weapon. A one shot is also triggered and provides a single pulse.
The output of Board #5 is determined by the setting of the single or auto
fire switch on the simulated weapon. The setting of auto or single shot
determines which gate on ICl is active. If the trainee is in auto fire
pulses at 12 Hz are provided Board #2. 1C3 on Board #4 has a gate which
will pass the signal if the counters ICI, IC2 on Board #4 indicate rounds
are left. The counter enables ICI on Board #3 and also enables the data
ready pulse provided by IC4 on Board #4 to the microprocessor. IC4 is a
one shot which generates a 10 pisec data ready pulse for the microprocessor
to indicate data is available. After the microprocessor has read the data
it resets the latches; IC2 on Board #3.

The one shot IC6, Board #4, Figure 111-8, is used to reset the counters.
The dummny magazine contains a capacitor. In the "loaded" configuration the
capacitor is charged to 5 volts. The magazines are easily loaded or charged
by momentarily inserting them into a charging fixture.

When the dummny magazine or capcitor is inserted in the rifle it dis-
charges through R4, providing the counter reset Voltage. The magazine is
reloaded by charging the capacitor in the magazine to 5 volts.

C. COMPUTER VOICE AND AUDIO SYSTEM

The Computer Voice System is a Business Commiunicator Model LVM-70 manu-
factured by VOTRAX, the Vocal Interface Division of Federal Screw Works,
Troy, Michigan. The LVM-70 was designed specifically to be used as a con-
centrator for touch-tone based information systems.J

Up to 32 words (16 seconds) are available with up to eight audio out-
put channels. The trainer utilizes an output channel for each trainer.
When a shot is fired by a trainee the host computer (80/20) decodes the in-
coming rifle data and then sends three bytes of serial data to the LVM-70
specifying a start word, a trainee identification word, and the appropriate
voice response code. The voice output line for each trainee is routed to
the trainees audio mixer/amplifier, Board #6, Figure 111-10, as well as the
instructor's control panel.

The LVM-70 voice commnunicator can be replaced in later models for rough-
ly 1/4 the original cost, due to technological advances.

16
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Each trainee's audio system consists of two stages of audio amplifi-
cation. A Texas Instrument's TL074 low noise, quad, dual operational amp-
lifier, ICI, is used. Consequently, two trainees are handled by a single
TL074 (Figure 111-10). The first stage of amplification is primarily an
audio mixer. Five independent channels are mixed into one. These five
channels consist of the computer voice feedback system, the instructor com-
munication line, the synthetic rifle bang, coordinated battlefield sounds
and general battlefield environment sounds. The instructor uses an identi-
cal mixer/amplifier channel but his inputs consist of the various computer
voice responses to the trainees. The instructor selects which trainee he
desires to hear by pushing the appropriate switch on the instructor control
panel.

Each of the five inputs to the mixer stage as well as the final output
stage have their own volume control.

D. BANG AND RECOIL SYSTEM

1. BANG SYSTEM

An electronic bang is presented to the trainee via his headset when he
has fired a shot. The bang board, Board #8, Figure 111-11, produces the F
synthetic gunshot sound and passes this sound to the trainees audio mixer/
amplifier Board #6, Figure 111-10. The bang is produced by generating ran-
dom noise, due to diode Dl being biased near its breakdown voltage, and then
using the FET to generate an envelope for this random noise. This envelope [
consists of a sharp rise time and an exponential decay which corresponds
closely to a gun shot noise envelope. Specifically, the diode Dl produces
random noise which is amplified by 1/2 of ICI, a dual operational amplifier.
This amplified random noise is presented to the drain of the FET. The FET
does not pass this noise until its gate is presented the sharp rise and ex-I ponential decay envelop representing an actual rifle shot sound envelope.
The sharp rise of voltage on the gate of the FET is produced by 1C2 changing
to a high state; 5 volts. When IC2 changes back to a low state, 0 volts,
the diode D2 isolates the gate of the FET from being pulled down to an off'I state and allows the RC network consisting of R6, R12, and C7 to exponen-
tially decay the residual voltage thus producing decaying gunshot envelope
of noise. The source of the FET thus produces on demand random filtered
noise within an envelope resembling a gunshot bang. The second half of ICI,
an operational amplifier, produces final amplification of this sound before
passing the output to the students audio mixer/amplifier.

2. RECOIL SYSTEM

The recoil system consists of three major parts: air hose, recoil
board, and the air valve.

The air hose follows the electrical cable up to the rifle and into the
butt of the weapon. The hose is a lightweight, nylon reinforced, dimention-
ally stable air line hose. After entering the butt of the rifle it runs
forward and attaches to the rifle barrel. The barrel is plugged at the tip
end and an outlet orifice has been drilled on the bottom of the barrel near
the tip end. The orifice is pointing down and 30 degrees to the left which

4.produces a thrust up and to the right when a shot is fired.
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The recoil circuit, Board #7, consists of a 555 integrated circuit
timer, 1C2, and a darlington pair transistor driver circuit for the recoil
air valve. The 555 timer is set for a nominal 20-25 msec duration. The
variable resistor R2 serves to regulate the timing duration (Figure 111-12).

The recoil valve is a pilot operated solenoid valve. Because it is
pilot operated, the on-off rise and fall times for actuation are very short
and power consumption is only 8.5 watts.

E. DISTRIBUTION OF FIRE AND WEAPON MOVEMENT MONITORING

Distribution of fire and weapon movement can be monitored and recorded
during a training exercise for playback. The system allows the instructor
to view where the weapon is aimed relative to the IR target spot. This fea-
ture is completely independent of the basic system.

An IR light source is used on the weapon. The infrared light source
used in the system is a semiconductor, gallium arsenide laser. The laser is
collimated by a simple plano convex lens. The laser is attached where the
weapon flash hider is located. If the instructor wishes to view the loca-
tion of the trainees weapon, he selects the laser he wants turned on and
holds down a button on the instructor's console. The instructor is able to
view both the projector IR target and laser spot from the selected trainee's~
rifle. This information is detected using an RCA TC 1005/H0l low bloom sili-
con target Vidicon and closed circuit video equipment. The TV display tube
is located in the instructor's console and the TV camera near the motion pic-
ture projectors.

The laser spot brightness seen on the TV is a function of the pulse re-
petition frequency (prf) of the gallium arsenide laser. Two modes are avail-
able:

0 Flash only

* Track plus flash

In the flash mode only, a single flash occurs when the trainee fires.
In the track and flash mode, the'instructor sees a point of laser light on
the screen all the time, which moves as a function of where the trainee is
pointing; when the trainee fires, a brighter flash occurs.

Laser energy reflected off the screen is eye safe. However, the trainee
should not point his weapon in another trainee's eyes as eye damage can occur
from looking directly into the laser beam.

The laser timing signals are generated using Board #10, Figure 111-13.
The laser pulser, Board #11, is shown in Figure 111-14.

The laser pulser uses a SCR, GA201 to discharge capacitor Cl. Ql is
used to allow rapid recharge of Ql. The laser is a 5 watt peak power laser
with a nominal 50 nanosecond pulse width.
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F. RIFLE MOCKUP

The rifle mockup is manufactured by Replica Models, Inc. It is not
designed to accept a round of ammunition and cannot be converted to accept
ammunition. The original replicas received from Replica Models have been
extensively modified to perform satisfactorily as a trainer. The original
barrel plug was removed and moved to the front end of the barrel to accom-
modate the recoil. A recoil orifice was then machined and an electronic
board was installed within the handguards. To accomodate boresighting,
the original molded-on nonadjustable front and rear sights were replaced
with adjustable front and rear sights. The mode selector switch was modi-
fied to reflect the real Ml6El mode positions; the trigger mechanism was
modified for better performance; microswitches for the trigger and mode
selector switch were installed; and magazine sensing contacts were in-
stalled for reloading simulation.

An optical four-quadrant detector and optics are mounted above the
barrel and below the sights. A solid state laser and optics for point of
aim information has been inserted in the flash hider position.

Air for the recoil and electronic wiring approach the rifle from the
bottom rear of the butt of the rifle. The true weight of the Ml6El was re-
stored by removing unused mechanism from the upper receiver. The true bal-
ance was maintained through equal weight additions, i.e., the detector/
laser combination at the front end of the rifle offset the hose and elec-
tronic wire harness at the butt end of the rifle.

Special test equipment is included in Appendix B.

G. MICROCOMPUTER CONTROL SYSTEM

The 8080 Microprocessor Based Control System performs these functions:

e Interrogates the instructor for session parameters

* Stores session parameters for final hard copy

* Determines if self-check is desired, and reacts accordingly

* Initializes peripheral LSI chips and zeros memory storage

* Inputs rifle data, decodes and stores it

* Measures response time for first rifle shot at new target for
each of four or five rifles

* Outputs shot results to audio feedback and instructor's CRT

* Identifies shooter making most errors and sends the identifica-
tion to the instructor's console "LEDS"

0 Updates shooter's results file
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* Checks for session end and terminates the data collection mode

upon the instructor's signal

* Computes trainee's ov~rall score4

* Prints trainee's results on the instructor's electronic data ter-
minal

1. SINGLE BOARD COMPUTER

The SWAT System is controlled by a modified INTEL 80/20-4 Microcompu-
ter System, Reference 6. This microcomputer system, which is based on the
INTEL 8080 microprocessor, includes an enclosure with front panel controls,
power supply, cooling fans, and a card cage in which is located the main
80/20-4 board as well as the interface board (IFB), which is described below.

a. 80/20-4 MODIFICATIONS

A number of modifications are required before the SBC 80/20-4 can
be used in UIWT/SWAT Version 1.2. These are detailed below with page iden-
tifications to be found in Reference 6 unless otherwise noted.

(1) Pull-up resister packs, SBC-902, page 2-5, must be in-
serted in socket A5 and A6 as input terminators for port 2 at address E6.
These terminators were supplied with the 80/20-4 systems as Beckman part
number 1899-747-0, 3000645-01.

(2) Insert inverting line drivers, either #7437 or #7400,
in sockets A3, A4, A9 and A10 for output ports 3 and 6 at addresses E6 and
EA. See pages 2-4 and 4-24.

(3) Solder a jumper between J3-8 and J3-10 using the solder
points on the rear side of the board. This connects "Request to Send" to
"Clear to Send". See Table 2-5, page 2-7.

(4) Wire wrap A jumper from pin 1, a 5 volt source, near
J3 pin #25 and solder it to a through hole just below "C9" between A15 and
A16 on the front of the board. This should put 5 volts onto J3-16 "REC
LINE SIG DETECT" which goes to the "DATA CARRIER DETECT" of the 743 TI ter-
minal. Otherwise the terminal will not function. See page 27 of Reference 1.

(5) Change the wire wrap jumper which exists between pins
141-142 just above A22, the 8253, to a jumper between pins 141-143. This is
an option which connects the clock input for counter 1 of the 8253 to the

* output of counter 0. See page 4-21.

(6) Interconnect wire wrap pins 11 and 12 near the upper
right hand corner of the board. These are the protect and signal grounds
for the TI 743 terminal. See page 27 of Reference 1.

(7) Scratch through the line going from the transmit data
(TXD), pin 19 of the 8251 USART, to the SN75188 (MC1488) line driver. Con-
nect the 8251 side to JI-50 with a jumper wire and connect the driver side
to J2-50. This allows the interface board to switch the serial output be-
tween the VOTRAX and the control console.0 27
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(8) Remove the jumper from wire wrap pins 52-53, located A

just below the left part of the leftmost 8255 and put a jumper between
pins 51-52. This enables port I as an input. See Figure 5-2 (sheet 4 of 5).
Check that a jumper exists between pins 71-72 to enable port 4 as an output. -

(9) Connect the 80/20-4 front panel interrupt switch into
the interrupt controller as interrupt #7. To do this, connect pins 36, 37,
38, and 39 together and also to pin #45.

(10) Make the required modifications to use 2716 2K byte
EPROMS. These are given in Table 2-12, which is entitled "Jumper Changes
For Optional 8K EPROM Installation". See page 2-15.

REMOVE INSTALL

W2, A-C W2, A-B Between A45 and A46
W4, B-D W4, A-D Above A78
W4, C-E W4, B-E Above A78
W7, A-B W7, A-D Below A79
W8, A-C W8, A-B Below A79
C35, 53 and 72 Above A37 and Below A64 and A79

2. THE INTERFACE BOARD

All input/output (I/O) operations of the SBC 80/20-4 microcomputer
pass through the interface board (IFB). These operations can be divided
into three categories.

0 Rifle communications

0 I/O through the 8751 "USART"

* Output through the UPI-41, 8741 Universal Peripheral Interface

Figure 111-15 is a block diagram of these data paths and their asso-
ciated control lines. More details are shown on Figure 111-16 through
111-19.

a. RIFLE COMMUNICATIONS

IR spot quadrant detector data are input from each rifle to a
separate 8212 eight-bit input/output port chip on the IFB. A trigger-pull
signal is also sent from each rifle to its associated 8212. Upon sensing
a trigger signal, the quadrant data are latched into the 8212 buffer and
an interrupt signal requesting service is output from the 8212 to the main
board through input port 1. The service request lines from all five 8212s
are "ORED" together onto a single line which also goes to port 1 to signal
that at least one 8212 requires service. AS long as this ORED line indi-
cates a service need, the microcomputer polls each 8212 service request
line in turn. When one is detected that needs service, the address of the
8212 responsible for the request is output from port 3 on the main board
to a 9311 one-of-sixteen decoder on the IFB. A data read signal is then
output from port 6 to the 9311, which commands the 8212 to place the con-
tents of its latched buffer on the common data bus.

28
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RIFLE IR SENSOR QUADRANT DATA &

TRIGGER - FULL (INPUT )RESET I OUTPUT

#11 #2 #3 #4 ms

4f

PRESENT 8212-1 8222 81- 82-4 225

INTERFACE BOARDTEMNLI
I IFS)

'01

464
aal

000

PORT I PORT 2 PORT 3 PORT 6

MAIN BOARD

POWER S/

Figure 111-15. 80/20-4 Main and Interface Boards
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Each of the other four unaffected 8212 chips may also contain
data, but are held temporarily in an inactive "three-state" and present
a high impedance load to the bus. The only quadrant data available at
the main board port 2, therefore, are from the 8212 being serviced. These
data are read into memory and the data read signal to the 9311 is removed.
This removes the read comm~and to the 8212 and clears its interrupt service
request. A pulse is then sent from port 6 to the 9311 which issues a re-
set signal from the IFB to the rifle electronics associated with the ser-
viced 8212.

The serviced 8212 is now in three state, its service request line
is off and it is ready to latch in new data upon receiving the next trigger-
pull signal. In the meantime, if other 8212 chips need service as indicated
by assertion of the ORED line, the computer polls the next 8212 interrupt
line. If it needs service, the process is repeated; if not, the next 8212
service line is polled in sequence. This continues until the ORED service
line goes off and the computer moves ahead with the remainder of the program.

A "Target Present" signal from the IR spot projector is carried
directly through the interface board to the main board through input port 2.
The target present information is recorded and used during scoring to iden-
tify a valid target.

b. USART I/0

The control terminal is an electronic data terminal operating at
a rate of 300 bits per second, Reference 1. At the initiation of each
training session, the computer connects the output serial data stream from
the 8251 progranmnable commiunication interface or Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) to the terminal. The computer, there-
fore, is able to carry on a two-way conversation with the squad leader in
order to obtain "initialization" data as shown on Figure 6. The computer
questions the squad leader and prompts for answers by issuing the character

During the actual training session, the USART output is switched
to the digitized word audio system. When the session is finished, the squad
leader strikes/presses the start/print button on the instructor's console
and USART output is again directed to the terminal which types out hard copy
scores, as also shown on Figure 111-20.

C. UPI-41 MICROCOMPUTER OUTPUT

During a training session, console CRT data are output in parallel
from port 6 of the 80/20-4 single board computer to an 8741 Universal Peri-
pheral Interface Slave Microcomputer (UPI-41) on the IFB. The UPI-41 de-
codes the parallel data and sends a 19,200 BAUD, 7 bit ASCII data stream to
the console CRT. The console CRT translates the serial data stream into a
score message and displays the message in the column reserved for the appro-
priate rifle. The UPI-41 also monitors the setting of 5 control switches,
one for each rifle which allows the squad leader to inhibit the display of
scores for any or all rifles.
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WANT ID YES OR NO "INITIALIZE" PORTION OF TRAINING
NO SESSION

LET'S START

RIFLE: I

*YOUR RESULTS ARE: SESSION PROPER.
NO OUTPUT TO TERMIlNAL . OUTPUT

*TOTAL SHOTS: 99 IS VIA VOTRAX DIGITIZED AUDIO
HITS: 16 WORDS & CONSOLE CRT. THIS
MISSES: 29 PHASE IS TERMINATED BY AN
LOWS: 2 IN4TERRUPT FROM TERMINAL.
LOW RIGHTS:
RIGHTS: 6
HIGH RIGHTS: 3
HIGHS: 4 "PRESENTATION OF RESULTS"
HIGH LEFTS: 8
LEFTS: 22
LOW LEFTS:
NO TARGET: 9
TARGETS IGNORED: 8
TARGETS SHOT AT: 30
AVERAGE TIME: 1.2 SECONDS

OH WELL: THERE'S HOPE IF YOU SPEED UP
YOUR OVERALL SCORE IS: 37

Figure 111-20. Typical Printout Format on Terminal
(Continues for all 5 rifles)o 35



The UPI-41 system description is divided into four parts: part
1, a functional summary and a component interface description are presented.
Performance criteria are also established in this section. Part 2 describes
the facilities available within the UPI-41 and explains their use in the pre-
sent application. Part 3 describes the UPI-41 control program and part 4
evaluates the system with respect to assumption validity, performance criteria,
and maximum system capabilities. The source program is given in Appendix D.

d. UPI-41 MICROCOMPUTER OUTPUT II

(1) System Description

The function of the intelligent controller is to receive paral-
lel data from the SBC 80/20, decode the data, and cause a message to appear
on the ADM-3A screen based upon the content of the data received. The con-
trol switch settings also affect controller operation, but only secondarily.

A block diagram showing the system component relationships
appears in Figure 111-21.

INTELLIGENT
CONTROLLER

ADM-3A

CONTROL
SWITCHES

Figure 111-21. UPI-41 Intelligent Controller System Block Diagram
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The following describes the three component interfaces shown
in the figures: SBC 80/20 to controller, controller's to ADM-3A, and con-
trol switches to controller.

(a) SBC 80/20 To Controller Interface

The SBC 80/20 to controller interface is comprised of
three sets of connections. The first set, consisting of 8 data lines and
1 control line, are the data transfer connections. The second set consists
of the clock connections while the third set consists of only one connection,
the initialization connection.

1. Data Transfer Connections

The 8 data lines of the data transfer set connect
an 8 bit output port on the SBC 80/20 to the 8 bit Interface Register of
the UPI-41. There are six 1/0 ports on the SBC 80/20 numbered 1 through 6
(1). These ports are divided into the Group A ports, 1-3, and the Group B
ports, 4-6. Each port group corresponds to a single 8255 Programmnable Peri-
pheral Interface, PPI. Port 4 of Group B is progranmmed as an output
port and used for the SBC 80/20 to UPI-41 data connection.

To transmit data to the UPI-41, the SBC 80/20
places data on port 4 and sends a Data-Available pulse to the UPI-41 over
the control line. The Data Available pulse is software generated and is
transmitted through port 3 of Group A 8255. The length of the Data Available
pulse is set by the time required to execute the instructions necessary to
change the logic level of the control line twice, first from high to low,
then from low to high. For the SBC 80/20 this results in a 10 microsecond
pulse. The maximum pulse length to the UPI-41 is set at twice the instruc-
tion cycle length, or 6.5 microseconds; therefore, the 10 microsecond
Data Available pulse is sent to the one shot within the controller where it
is shortened to I microsecond. The 1 microsecond pulse from the one shot
supplies the WR input to the UPI-41. On the rising edge of this pulse the
data on the SBC 80/20 output port is latched into the UPI-41 Interface Regis-
ter. SBC 80/20 to controller data transfer connections are illustrated in
Figure 111-22.

Each byte of data transferred from the SBC 80/20
to the UPI-41 contains two kinds of information encoded into separate fields
within the byte. The three most significant bits contain a source identi-
fier encoded in straight binary, and the four least significant bits contain
a message identifier, also in straight binary, see Figure 111-23. Bit four
is not used.

The rate of data transfer from the SBC 80/20 toLi the controller can be characterized by three separate data transfer rates of
which the last two will be of interest. The first two rates are determined
by the SBC 80/20 input configuration, Figure 111-24, while the third is de-
termined by the input configuration in combination with the SBC 80/20 data
processing rate.

The SBC 80/20 input configuration consists of 5
Li. input sources, where each source contains a data latch and a service request
W line. When data is latched into one of the sources, the SBC 80/20 receives

a service request signal from that source. For each service request that
the SBC 80/20 responds to, a data byte will be sent to the controller.
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- A

SBC 80/20 CONTROLLER

GROUP A

PORT 1 _ _

PORT 1 IONE SHOT

PORT 2 UPI-41
POR 3 ONE -4

LOST SHOT F GN

_jDB7.

GROUP B

PORT 4 ,•"- I

DNPORT 5 INTERFACE/I P O R T 6 IREGISTERDB

Figure 111-22. SBC 80/20 to Controller

MOST SIGNIFICANT LEAST SIGNIFICANT
BIT BIT

SOURCE UNUSED MESSAGE
IDENTIFIER IDENTIFIER

Figure 111-23. SBC 80/20 to UPI-41 Data BYTE
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L
A

SOURCE I T DATA
C

H SERVICE REQUEST I

L
A

SOURCE 2 T DATA
C
H SERVICE REQUEST 2

2

mL 

LA
SOURCE 3 T DATA SBC 80/20 CONTROLLER

C

3

L SERVICE REQUEST3
A

SOURCE 4 T DATA
C
H SERVICE REQUEST 4

4

A
SOURCE 5 T DATA

* C
H SERVICE REQUEST 5

4' 5

lu Figure 111-24. SBC 80/20 Input Source Configuration
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The first data transfer rate is the average
transfer rate and occurs when the 5 sources are initiating service re-
quests at their norminal rate. The second data transfer rate is a peak
average rate, and occurs when all 5 sources are initiating service re-
quests at their maximum rate of 12 per second. This condition results
in a peak average rate of 12 x 5, or 60 transfers per second. The third
data transfer rate is the maximum rate, and occurs anytime there are sim-
ultaneous service requests to the SBC 80/20. This rate is determined by
the processing rate of the SBC 80/20. Analysis using: (1) real-time
emulation under control of Intel's In Circuit Emulator, ICE-80, (2) tabu-
lation of instructions executed and their execution time and (3) experi-
mental determination, indicates that the SBC 80/20 processing rate is
approximately 200 inputs per second.

As indicated before, the peak average transfer
rate of 60 transfers per second, and the maximum transfer rate of 200
transfers per second are the relevant quantities characterizing the data
transfer interface.

To keep up with the SBC 80/20 over extended per-
iods, the processing rate of the UPI-41 must equal or exceed the SBC 80/20
peak average transfer rate, and to keep up with the SBC 80/20 when simul-
taneous service requests have occured, the reception rate of the UPI-41
must equal or exceed the SBC 80/20 maximum transfer rate.

The requirement on the UPI-41 processing rate will
be used in the sequel to determine the baud rate used in the controller to
ADM-3A interface, while the requirement on the UPI-41 reception rate will
be used to establish the necessity of a data queue within the UPI-41.

One final point is that there are no provisions
for the UPI-41 to indicate that it is ready to accept a data transfer from
the SBC 80/20. Thus, the data queue mentioned above will be filled by an
interrupt driven procedure. This technique will assure that a data byte
has been removed from the Interface Register before an additional data
transfer can occur.

2. Clock Connections

The clock connections supply the UPI-41 clock in-
puts, Xl and X2. A single line from the SBC 80/20 supplies the controller
with a 9.216 megahertz clock which the SBC 80/20 makes available as the
BCLK output. Within the controller, the BCLK frequency is divided in half
by a 7474D flip flop. This division is necessary to bring the BCLK fre-
queny within the 1 to 6 megahertz operating range of the UPI-41. The Q

and Qo outputs of this flip flop supply the UPI-41 inputs, Xl and X2, with
a 1800 out of phase 4.608 megahertz clock. While the UPI-41 is capable of
generating its own clock by connecting a crystal to the Xl and X2 inputs,
the BCLK frequency is used since the standard asynchronous communication
frequencies can be derived from it. The clock connections are shown in
Figure 111-25.
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SBC 80/20 CONTROLLER

9.216 MHz 4.608 MHz UPI-41
BLCK 10 D to Xl

4.608 MHz
~x2

t I

Figure 111-25. SBC 80/20 to Controller- Clock Connections

3. Initialization Connection

The initialization connection is between TNIT out-
put of the SBC 80/20 and the RESET input of the UPI-41. A low going pulse
on this line causes the control program of the UPI-41 to begin execution
at location 0.

(b) Controller to ADM-3A Interface

The controller to ADM-3A interface consists of a single line
which originates from line 0 to port 1 on the UPI-41, passes through the
75188 inverting line driver, and terminates on the Receive Data, RXD, input
of the ADM-3A. The line driver converts the TTL output of port 1, 0 - 5
volts, into RS-232C logic levels of ± 12 volts.

Information is transmitted from the UPI-41 to the ADM-3A
serially using 7 bit ASCII code under the RS-232C communication protocol.
For this application, the number of bits per character has been minimized by
using a single stop bit and no parity bit. For a given serial transmission
rate this configuration will result in the fastest possible character trans-
mission time. This time is an important consideration, as each parallel
byte received by the controller from the SBC 80/20 will require a 22 char-
acter message to be transmitted. With the single start bit, the 9 bit ser-
ial character appears as shown in Figure 111-26.
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I 121T-475 6171TIME

MARKING START DATA STOP MARKING
BIT BITS BIT

Figure 111-26. Serial Transmission Character

Each data byte received by the UPI-41, except as noted in the
next section causes a string of 9 bit characters to be sent from the
UPI-41 to the ADM-3A, a 24 line by 80 character CRT display.

The function of the ADM-3A is to provide three kinds of informa-
tion concerning the SBC 80/20 inputs to an observer. The ADM-3A displays
a message, indicates the SBC 80/20 source corresponding to the message,
and reflects the order of input occurrence. The message is indicated by
the characters displayed on the screen. The source is indicated by divid-
ing the ADM-3A screen into 5 columns of equal width, with the first column
reserved for source I messages, the second column for source 2 messages,
and so on for the five sources. The order of inputs is indicated by scroll-
ing the display 1 line each time a message is displayed.

For a screen width of 80 characters, and not allowing an overlap
of columns, the message field for each source is limited to the integer
portion of 80/5, or 16 characters. The ADM-3A screen use is illustrated
in Figure 111-27.

To implement the function of the ADM-3A as described above requires
that 22 characters be sent to the ADM-3A for each SBC 80/20 to controller
transfer. The 22 characters are sent in 3 groups: a cursor control group,
a message group, and a display control group.

The first group sent, the cursor control group, contains four
characters which cause the cursor to the ADM-3A to position itself at the
beginning of one of the five message columns. The first two control charac-
ters "escape" and "equals", activate the ADM-3A cursor positioning logic,
while the next two characters are interpreted as the X and Y coordinates of
the new cursor position, respectively. The Y coordinate sent is always the
same, 037H, and selects the bottom line of the display. The X coordinate
is determined by the SBC 80/20 input source.

The second group sent, the message group, contains 16 characters.
These characters will be printed on the screen of the ADM-3A in the message
field whose beginning was established by the cursor positioning control
group.
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SOURCE SOURCE SOURCE SOURCE SOURCE
1 2 3 4 5.COLUMN COLUMN COLUMN COLUMN COLUMN

1 a S

2 a3

4 a
5 a
6 ee7 I

89 II

10 e!

12 a
13 a14 I

15aaa
16 a
17 a
18 ,!!
19 a
20 MESSAGE a
21 MESSAGE
22 a MESSATE
23 aMESSAGE
24 1 a , MESSAGE

CHARACTERS

t 80 CHARACTERS

Figure 111-27. ADM-3 Screen Use
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The third group sent, the display control group, contains the re-
maining 2 characters. These characters, a carriage return and line feed,
cause the display to scroll up one line in preparation for the next control
group 1 sequence.

The complete 22 characters string appears as shown in Figure 111-28.

1 2 3 4 1 16 1 2

CONTROL MESSAGE CONTROL
GROUP 1 GROUP GROUP 2

Figure 111-28. Character String Transmitted to ADM-3A

The final aspect of the controller to ADM-3A interface is the ser-
ial transmission rate to be used. Having now established (1) the number of
characters sent by the controller to the ADM-3A per SBC 80/20 input, (2) the
number of serial bits per character, 9, and (3) the UPI-41 processing rate
requirement, 60 transfers/sec, a minimum serial transmission, or baud, rate
can be computed as:

22 characters/SBC 80/20 transfer x
minimum baud rate = 9 bits/character x (1)

60 SBC 80/20 transfers/second

or 11,880 bits per second. The next highest, indeed the highest, baud rate
at which the ADM-3A can receive data is 19,200 baud. This value must neces-
sarily be chosen as the data transmission rate.

(c) Control Switches to Controller Interface

The control switches to controller interface is a 5 line connection
between 5 control switch outputs and the 5 least significant inputs of port
2 on the UPI-41. The design of port 2 on the UPI-41 is such that if nothing
is connected to a port line, the line will read as a logic one, whereas, if
the'line is grounded through a lk resistor, the port will read a logic zero
(3). The control switch to controller connections are shown in Figure 111-29.

During the processing of a data byte by the UPI-41, the binary
source identifier is translated into a linear select code which is then com-
pared with the switch setting on port 2. If the switch corresponding to the
source identifier is set in the abort position, a logic 0 is present and a
message will not be sent. This is the exception referred to in the controller
to ADM-3A interface description. If the switch is set in the display position
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4< a logic true will be present and a message will be sent.

This concludes the overall system description. The
next two sections will describe the principle device within the intelli-
gent controller, the UPI-41 single chip microcomputer.

DISPLAY

• -- -4.

SOURCE 5 CONTRuL - ? 4

o ABORT
DuSPLAY

SOURCE 4 ONTROL 3P

o ABORT0 ABORT

UISPLAY

SOURCE 3 CONTROL . I0 ABORT
V ISPLAY K

TI ~Lo ABORT

SOURCE I CONTROL -

ABORI

Figure 111-29. Control Switches to Controller Interface

e. UPI-41 MICROCOMPUTER OUTPUT II

The UPI-41 single chip microcomputer provides the intelli-
gence of the intelligent controller. The block diagram in Figure III-
30 illustrates the facilities available within the UPI-41.

As described in the previous section, the interface register
is used for communication with the SBC 80/20, port 1 is used for com-
munication with the ADM-3A, and port 2 is used for communication with
the control switches.

Program memory is divided into 4 pages of 256 bytes each.
These pages are numbered 0 to 3. Page 0 contains the main loop of the
control program, while page 1 contains the various subroutines called
by the main loop. Page 3 has a special feature in that data bytes can
be transferred from it to the accumulator using the current value of
the accumulator as a pointer. This "table lookup" feature is used to
access the message strings which are sent to the ADM-3A. 16 messages
of 16 characters each are stored, using all 256 bytes within the page.
Program memory configuration is shown in Figure 111-31.

450



I8

CPU 8 BIT PR
TIMER

PROGRAM DATA

MEMORY MEMORY PR

1024 X8 64X 8

Figure 111-30. UPI-41 Single Chip Microcomputer Block Diagram
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4.

3FF

PAGE 3 MESSAGE STRINGS

300
2FF

PAGE 2 UNUSED

200
IFF

PAGE 1 SUBROUTINES

100
FF

PAGE 0 MAIN PROGRAM

LOOP

Figure 111-31. UPI-41 Control Program Memory Map

RAM within the UPI-41 serves three purposes: it contains
the registers, the subroutine and interrupt stack, and the variable
data storage locations. The distribution of the 64 RAM locations be-
tween these three functions is shown in Figure 111-32.

The registers in bank 0 are designated RO-R7, while those
in bank 1 are designated RO'-R7'. Only one register bank at a time
can be addressed. Bank selection is accomplished by executing a spe-
cail select register bank X, SELRBX, instruction where X is either 0
or 1. The registers of bank 0 are used for data processing and message
transmission, while those of bank 1 are used for queue control.

The UPI-41 contains a rather sophisticated timer which was
evaluated for use as the bit interval generator for UPI-41 to ADM-3A
serial transmission. As several difficulties were encountered, the
use of the timer while representing a possible area for future research,
was rejected in favor of a software timing approach. The software tim-
ing routine will be described, along with the rest of the UPI-41 con-
trol program, in the next section.

4
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63

VARIABLE DT UU
DATA DT UU

STORAGE

32.

321 DATA RECEPTION, STORAGE, AND

24 RGISTR BAK 1REMOVAL CONTROL

23

INTERRUTNSTACK SUBROUTINE AND INTERRUPT CALLS

7
REGITER ANK DATA DECODE AND MESSAGE TRANS-

REGITERBNKO;MISSION

Figure 111-32. UPI-41 RAM Muiiory Map
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f. UPI-41 CONTROL PROGRAM IV

V The UPI-41 program is written in MCS-48/UPI-41 assembly lan-
*guage. It was assembled using a cross assembler operating on an Intel

Microcomputer Development System, MDS-800. The machine code was burned
into the EPROM program memory of the UPI-41 using an Intel Universal
Prom Programmer and the Universal Prom Mapper Software. The assembly
of the program and the burning of the EPROM were done under control of
the Intel System Implementation Supervisor, ISIS II, operating from an
Intel Dual Floppy Disk Drive.

The program description is divided into three parts:

0 Initialization procedures

. Data reception and storage

a Data decode and message transmission

The program listing is located in Appendix "D", flowcharts ap-
pear in Figures 111-33 through 111-35.

(1) Initialization Procedures

The first section of the UPI-41 program performs func-
tions which are necessary prior to data reception. These functions are
the initialization of registers and the initialization of the ADM-3A
screen. The values placed in the various registers will be explained
as they are encountered within the program. The screen initialization
procedure consists of clearing the screen and positioning the cursor in
the bottom left hand corner. The screen is cleared by transmitting a
special character, OlAH, to the ADM-3A, while the cursor is posi-
tioned using the 4 character cursor positioning sequence described pre-
viously in the controller to ADM-3A interface section.

As the final step in the initialization procedures, the
* UPI-41 enables itself to data reception by outputting a logic zero to

port 2 line 7. This port line is connected to the UPI-41 chip select,
CS, input. Since all port lines are in the logic high state following
a system reset, UPI-41 input is disabled until the output instruction
is executed.

(2) Data Reception and Storage

When data is written into the UPI-41 interface register
by the SBC 80/20, an interrupt request is generated. Upon recognition
of the interrupt, the interrupt vector jump at locations 3 and 4 in
program memory is executed, and the interrupt service routine, lines
118 through 134 in Appendix "D", is entered. The interrupt routine in-
puts the data from the interface register and places the data in a
queue. A flowchart of the interrupt service routine appears in Figure
111-34.



POSITIOI

CURSOR

INITIALIZE

A. CONSTANTS DECODE

B. CURSOR MESSAGE

DISABLE

AT 
E INTERRUPTS

SEND CHARACTER BIT

YES?

FETCH QUEUE DATAJ
DECREMENT QUEUE STATUS YES

DECODE IDENTIFIER
ENABLEE INTERRUPTS

OUTPUT NNOMESSAGE
DESIRED? 

< COMPLETE?>

Figure 111-33. UPI-41 Control Program Flowchart Processing Loop
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INTERRUPT

YESJ FETCH
DATA

PUT DATA
IN QUEUE

INCREMENT
QUEUE

STATUS

REUR

4 Figure 111-34. UPI-41 Control Program Flowchart -Interrupt Service Routine
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INTERRUPT

1) SELECT REGISTER BANK 1
2) SAVE ACCUMULATOR

YES QUEUE

1) INCREMENT STATUS REGISTER
2) INPUT DATA FROM INTERFACE REGIS-

TER

3) STORE DATA AT "PUT POINTER"

TY ES

LOAD "PUT POINTER" WITH 1
LESS THAN STACK BASE

I INCREMENT PUT POINTER

RESTORE ACCUMULATOR

RETURN
AND

RESTORE STATUS
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Figure 111-35. Interrupt Routine Flowchart
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W It was pointed out in the section describing the SBC
80/20 controller interface that the UPI-41 reception rate requirement
would necessitate the data queue. The necessity for the queue can be
shown as follows:

Unless the 19,200 baud rate can meet the UPI-41 reception rate require-
ment as well as the processing rate requirement, it is necessary to pro-
vide a data queue to prevent data from being overwritten in the inter-
face register. For this condition to be met, the 19,200 baud rate must
be proportionately greater than the 11,800 minimum baud rate by at least
the proportion of the reception rate requirement to the processing rate
requirement, or

19,200 M 200

11,800 I (2)

as this is not true, a queue must be maintained.

To meet the storage requirements a First In First Out, or
FIFO, stack is implemented in the variable data storage area of the RAM
memory. See Figure 111-36. A FIFO stack allows data to be retrieved so
that order of entry is preserved. The operation of a FIFO stack can be
conceptualized by considering a storage mechanism where data inputs are
stacked one on top of the other as they arrive, and where data removal
is accomplished by pulling from the bottom. As an entry is removed, all
remaining entries move down one location. This operation is illustrated
in Figure 111-36.

The problem with this implementation is in moving the re-
maining data entries down. For N remaining inputs, the operation re-
quires 2N memory accesses and 5N program steps as shown below:

(a) Increment pointer

(b) Load data byte - first memory access

(c) Decrement pointer

(d) Store data byte - second memory access

(e) Increment pointer
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PUT --- D

INPUT N + 1 PUT -1*

FINPUT N INPUT N + 1

INPUT N

INPUT 2

QUEUE BASE INPUT 1 INPU2

Figure 111-36. Fixed Base FIFO Operation

A more efficient algorithm uses a "get data" pointer as
well as the "put data" pointer used in the implementation above. The
get data pointer allows the "bottom" of the stack to move upward as
data is removed from the stack. This eliminates the necessity of moving
each of the remaining inputs down. Instead, the get data pointer is in-
cremented once each time data is removed. The put data pointer always
identifies the next location available for data storage and the get data
pointer identifies the location of the next value to be removed. The
only problem with this implementation is that unless data memory is in-
finitely long, storage locations will run out at some point. This condi-
tion being unacceptable, a "top-of-stack" must be defined, and as the
pointers reach the top they must be wraparound. In this application the
top-of-stack has been made coincident with the top of RAM, making the
last location address 63 and giving a stack size of (63-32) +1, or 32
locations. As each pointer reaches location 63, it is returned to loca-
tion 32 instead of being incremented further, Implemented in this manner,
the number of steps required for a data removal is independent of N and,
for the UPI-41, has a maximum value of 5 as indicated by lines 85 through
89 of the program listing.
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For either implementation, some way of determining when
the stack is full must be available. For the two pointer implementa-
tion, the queue full condition is easily detected by maintaining a
queue status value which indicates how many entries are presently on
the stack. If a check of the queue status register indicates that the
queue is full, additional data must be rejected to avoid overwriting
of the earliest entry with the newest entry. Since the UPI-41 has been
designed to meet the processing rate requirement, it follows that the
maximum stack usage must be less than or equal to the number of SBC
80/20 input sources, or 5; therefore, the queue full condition can
never occur in this application. Use of the queue status value in this
application, then, is limited to determining when data is available on
the stack. Figure 111-37 illustrates the operation of the moving base
FIFO stack.

The put and get data pointers, the queue status, and the
constants used to determine the pointer wraparound and queue full condi-
tions are located in register bank I. Also, since the data reception
routine is entered in response to an interrupt, another bank 1 register
is allocated for accumulator storage. Finally, one register is used for
temporary data byte storage during computations.

EMPTY 3 ENTRIES 2 REMOVALS

63 63 63

0 EMPTY EMPTY
PUT-1

P U 
P U T

INPUT 3 GET- INPUT 3

T INPUT 2 EMPTY

GET 32 INPUT 1 32 EMPTY 32GETT

33 ENTRIES 32 REMOVALS

63 63

FULL

EMPTY OTHER
OPERATIONS

GET INPUT 3 PUT
PUT EMPTY GET

INPUT 33 32 'INPUT 33 32

Figure 111-37. Moving Base FIFO Operation
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Registers 0 and 1 are the only locations which can
serve as pointers into the variable data storage area; therefore,
the get and put data pointers are defined as the contents of regis-
ters 0 and 1 respectively, the other locations are assigned arbit-
rarily as per Table 111-1.

TABLE III-1. REGISTER BANK 1 MAP

Register 7' Temporary Storage

Register 6' Queue Status Con. =224

Register 5' Wraparound Constant 193

Register 4' Unused

Register 3' Accumulator Storage

Register 2' Queue Status
Regiser VPut Dta Pinte

Register 0' Put Data Pointer

(3) Data Decode and Message Transmission

Once data is placed in the queue by the interrupt ser-
vice routine, a check of the queue status register, lines 80 and 81
of the program listing, will indicate that data is available for pro- *

cessing. The program will then enter the main program loop, line 82,
where the data decode and message transmission function begins.

This section of the program can be divided into 3 seg-
ments:

(a) Data access

(b) Source processing

(c) Message processing

1. Data Access

The function of the data access segment is to
remove a data byte from the queue and perform the transition between
register bank 1 operation and register bank 0 operation. The data re-
moval steps are reminiscent of the steps performed in the interrupt
routine, while the bank transition is accomplished by placing the data
in the accumulator and then selecting the new register bank. A flow-
chart is shown in Figure 111-38.
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Register bank 0 is used for the remainder of
the program. All locations within this bank are assigned arbitrarily
as shown in Table 111-2.

TABLE 111-2. REGISTER 0 MAP

Register 7 Data Byte

Register 6 Message Length Constant

Register 5 Binary Source Identifier

Register 4 Linear Select Source Identifier

Register 3 Message Identifier

Register 2 Relay Counter

Register 1 Unused

Register 0 Serial Transmission Counter

2. Source Processing

The function of the source processing segment,
lines 93 through 98, is to use the source identifier portion of the
data byte to (1) determine whether a message tranmission is desired
and (2) position the cursor at the proper place on the ADM-3A screen.
The source processing segment calls three subroutines; MASK, LOCSET,
and TAB.

Subroutine MASK, lines 144 through 156, coverts
the binary source identifier into the linear select identifier through
the use of the lookup table located at MSKDAT, line 143. The subroutine
then performs the comparison with the port 2 control switch lines and
sets a flag according to the result.

Subroutine LOCSET, lines 161 through 168, sends
the characters which activate the cursor control logic and the Y coordi-
nate value to the ADM-3A.

Subroutine TAB, lines 157 through 160, converts
the binary source identifier into the proper X coordinate value and com-
pletes the cursor positioning sequence by transmitting the coordinate
value to the ADM-3A.
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3. Message Processing

The function of the message processing seg-
ment, lines 99 through 112, is to convert the mesiage identifier por-
tion of the data byte into the page 3 address of the message string,
output the message string, scroll the ADM-3A display one line, and
return to the queue status checking loop.

The page 3 address of the message string is
produced by multiplying the binary message identifier by 16. Thus,
the message identifier is converted into the starting address of a
16 character string which makes up the message. The multiplication
is accomplished by swapping the high and low order nybbles of the data
byte and then masking out the low order nybble. This operation is
equivalent to four left shifts and, therefore, multiplies the source
identifier by 24, or 16.

Subroutine STROUT, lines 169 through 175, uses
the message address produced by the preceeding multiplication and the
string length constant contained in register 6 to control the transmis-
sion of the 16 character message string to the AOM-3A.

The CRLF procedure, lines 107 through 110,
cause the scroll of the ADM-3A display by sending the carriage return
line feed combination.

Finally, register bank 1 is selected so that
when the jump at line 112 occurs the register bank containing the queue
status value, R2', will be addressed by the WAIT loop.

This completes the description of the control
program except for the subroutine which controls character transmission.
This function is accomplished by the OUTPUT subroutine, lines 176
through 191.

It was noted in the description of the clock
connection, section II, that the 4.608 megahertz clock input to the
UPI-41 would be used to generate the proper communication frequency.
The following discussion explains this process and the operation of
the OUPUT subroutine,

Each instruction in the UPI-41 instruction
set consists of either I or 2 instruction cycles. Each instruction
cycle consists of 5 machine states and each state consisits of 3 clock
periods. See Figure 111-39.

CLOCKJL flfJh

ST AT ES STT TT

CYCLES INSTRUCTION CYCLE

Figure 111-39. UPI-41 Instruction Cycle



The instruction cycle execution rate, then, is 1/15 of
the input clock rate or 307,200 instruction cycles per second. The
instruction cycle execution rate divided by 16 produces the serial
transmission rate of 19,200 baud. Therefore, a bit interval, i.e.,
the time a serial bit should be present on port 1 during transmission,
is exactly 16 instruction cycles. A 9 bit character can be transmitted
by constructing a loop which places a new serial bit on the port 1
transmission line every 16 instruction cycles.

The OUTPUT subroutine, Figure 111-40, expects the 7
least significant accumulator bits to hold the 7 bit ASCII representa-
tion of the character to be sent. As 9 bits are required to send a
complete character, including the start and stop bits, the 8 bit accum-
ulator and the carry bit are catenated to form a 9 bit register. The
accumulators most significant bit and the carry bit serve as the stop
and start bits respectively. Once the 9 bit register is set up with
the character, the bits are sent by successively rotating the bits into
the least significant bit position of the accumulator and then output-
ting the accumulator to port 1.

Instructions 1, 2, and 3 set up the character, the trans-
mission loop begins at line 180. Note that the number of instruction
cycles required for each instruction in the transmission loop is shown
to the right of the instructions.

For the first eight bits transmitted, program execution
proceeds through the steps indicated 1 through 8. As can be verified
by the reader, 16 instruction cycles are executed between bit changes.

OUTPUT: PS I
NOV R,IeH ;SERIR. BIT CMU4ER
NOV A6RI ;GET ASCII RCTE TO BE OUTPUT
SI. P1, OW ;PUT OUT START BIT
NOV R2I 4;SET UP DEA LOOP LENMTh
CALL DELA

LOOP: OUTI PI, R ;OMT COENT BIT OF SERIAL CODE
RR A ;GET XT BIT OF ASCII CODE
POP ;WIT I I6INSJCTION CYCLE TO COMVETE

;FOR RR BEING A SINGLE CYCLE OPERATION
MY R2, IM SET UP MR LOOP LENGTH

ILDELA
D I Re, LOOPI ;TEST FOR ? BITS OUT
ORL PLWH ;PUT OUT STOP BIT

YOV R2,MSET UP DELA LOOP LENGTH
CALL VELAY
JR NOIEN ;IF IN SETUP SEGMENT DONT EWUE INTERRITS
EN I

NOINEN: IMT ;IRETUR FROM 9EMOUT1

Figure 111-40. UPI-41 Character Transmission Subroutine
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Program flow for the final bit proceeds through the
steps indicated A through E. While this sequence requires only 9 in-
struction cycles, analysis of the complete program shows that for any
set of conditions a minimum of 8 additional instruction cycles will be
required to reach the initial ouput instruction for a new character.
Thus, a minimum of 9 + 8, or 17, cycles will be executed exceeding the ,
minimum of 16 by 1 cycle. But, as there is no maximum length for the
stop bit since its level corresponds to the nonactive, or "marking"
state, the value 17 is acceptable.

The instruction executed just prior to entry into the bit
transmission loop diables interrupts, while the instruction just before
the return reenables them. Interrupts must be disabled during transmis-
sion of a character since the occurance of an interrupt service routine
would insert extra instruction cycles, thereby destroying the integrity
of the software timing loop.

As a concluding remark on the UPI-41 control program, it
is noted that starting on page 51 of the listing, a sample set of mes- r
sage strings is shown.

The program listing referred to throughout this section t
is the assembly listing produced during the assembly of the UPI-41 con-
trol program source file. This version of the program was used for the
system evaluation to be presented in the next section.

3. 80/80 PROGRAM

Operation of the 80/20-4 Microcomputer is directed by program code
in three 2716 2KX8 EPROMS. The code was compiled from a program written
in PL/M-80 language. Reference 3 gives a number of PL/M-80 examples.
While reference 5 provides the language syntax and other definitions.

The overall program strategy is shown on Figure 111-41, with more
detail given on Figure 111-42. The program listing is given in Appen-
dix A.

After power has been turned on, the program starts when the 80/20-4
"RESET" button is pushed.

During "initialize" the program issues a series of questions to
the system console and prompts for answers as shown on Figure 111-41.
If desired, the date, training session number, and trainee names are
obtained and stored for future reference. When all identification data
have been collected and other housekeeping details completed, the pro-
gram issues "LET'S START" and the main training session loop is entered.
This loop may be executed along the three different paths indicated on
the flowchart, Figure 111-42.

-If there is no target present on the screen and no rifle trigger

is pulled, i.e., no "action", then path 3 will be selected by program
logic. No data comments are generated during early passes around the
path 3 loop. Subsequent "action" will cause flags to be set and a re-
turn to path 3 may result in a comment of either "NO TARGET" or "YOU
FROZE" being sent to the earphones of any erring trainee. Correspond-
ing error data are filled in RAM memory for the identified trainee0 which will lower his score printed out after the session ends.
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ESCAPE YES

NO

PATH 3

Figure 111-41. 8080 Program Strategy
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II

'ACTION" is true after a target becomes available and/or a rifle
is "FIRED". The session loop will now pass through either path I or 2
as dictated by program logic. This logic also determines the proper
data to be filed and connent to be sent to the trainee's earphones.
For example, if the target disappears but the trainee persists in shoot-
ing for more than one second, then a "NO TARGET" coment will be sent
to the rifleman, and a negative score is placed in his data file.

Operation remains locked in the session loop until an escape is
signaled by the squad leader's pushing the start/print button. This
causes a system interrupt and control passes to "PRINT RESULTS" which
produces output as shown on Figure 111-41. The program then returns
to the "INITIALIZE" block and data records are initialized in prepara-
tion for the next training session.

4. SCORE DISPLAY AND WORST PERFORMANCE

The final score for each trainee is calculated by adding the fol-

lowing items:

100 x (Hits per shot)
60 x (Near misses per shot)

30 if average reaction time = 0.5 seconds, or less, or

20 if average reaction time > 0.5 but is 0.9 seconds, or
10 if average reaction time > 0.9 but <_ 1.3 seconds, or
0 if average reaction time > 1.3 seconds.

-2 x (Number of targets ignored)

When the light emitting diode or "LED" is lit under a trainee's
CRT column, he is the "WORST SHOOTER" inasmuch as he has the highest
total of these items:

0 Misses

* Shots with no target present

0 Targets ignored - PP the worst shooter is recomputed each
time a target is not present on the screen.

5. SELF CHECK

The SWAT self check has two parts: (1) an SBC 80/20 check, and
(2) the interface board (IFB) check. These procedures are described
separately.

a. SBC 80/20 CHECK

The 80/20 single board computer checkout requires the inser-
tion of an INTEL SBC 416 ROM extender board on which is located the
test program driver and a duplicate of the SWAT version 1.2 program.
The duplicate program is contained in five 2708 ROMS. These ROMS are
located at addresses through OCOOOH, see Appendix E.
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The 80/20 check verifies proper operation of the SBC memory,
I/O ports, timer and USART. A complete check requires about a second.
To run the check, the normal 50 pin connectors to "Ji" and "J2" of the
30/20 must be removed and replaced with a special test strap which con-
nects input terminals of J1 to output terminals on J2 and vice versa
The SBC 416 board must also be inserted into the computer card cage.
While not necessary, it may be convenient to remove the interface board
to avoid damage to the wire-wrap pins. The SWAT program is started with
a reset in the normal way. The first thing that the SWAT oroaram dnes is
to determine if the SBC 416 board is in the card position on the SBC 416.
If the SBC 416 is in place, the program finds a "I" located at address
OCOOOH. If it is not in this location, no transfer acknowledge signal
will be returned. After a millisecond, therefore, the attempt is aborted
and a "00" is read into the 8080's accumulator. The 00 occurs due to the
1K pullups on the inputs of inverting line drivers. With a I found at
OCODH. the test proqram is conducted, while if a 00 is returned, the
normal SWAT program starts.

The 80/20 test signals its completion by turning on a "LED" lo-
cated near the top right corner of the 80/20 barod. If no flashes are
noted, the test was completed in a satisfactory manner. If flashes occur,
some trouble was uncovered, the nature of which is indicated by the number
of quick flashes grouped together. The trouble code is:

1 FLASH RAM FAILURE
2 FLASHES ROM FAILURE
3 FLASHES I/O FAILURE
4 FLASHES TIMER TOO SLOW
5 FLASHES TIMER TOO FAST
6 FLASHES == USART FAILURE

A TIMER TOO FAST
6 FLASHES == USART FAILURE

A flash group is sent for each failure detected, so it is possi-
ble that more than one trouble code may be detected during a single 80/20
test. The test may be terminated only by turning off the power. This
should be done, of course, before any physical changes are made to the
computer.

b. IFB SELF TEST

To test the interface board, the 80/20 test SBC 416 board may
be removed from the card cage and the IFB reinserted. The normal 50 pin
rifle input strap connector and the 34 pin strap connector must be re-
moved. A special strap must be connected between the 50 pin rifle test
simulator output and the 50 pin rifle input connector.

The CRT and Electronic Data Terminal, EDT, are needed for the
test. The VOTRAX unit may optionally be disconnected or left connected.

To conduct the test, the SWAT system is started as usual by a
start or reset. When the query "WANT ID YES OR NO?" is presented on the
EDT, a control-T for "TEST". should be entered. The system should re-
spond with:
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RIFLE SIMULATOR
STRAP IN PLACE?

If no errors are found, the test requires 18 to 19 seconds to
run, and the system responds with:

TEST COMPLETE.

Hitting any key on the data terminal will result in the standard output
being typed out, as shown in the attached listing.

If trouble is detected, the rifle "ID" number will be typed with
"F" for failure and a coded diagnostic: RES, INT or DAT.

RES == The rifle did not receive a reset pulse.

INT == The UPI-41 did not receive the data strobe that it
originally sent.

DAT == Improper data was received by the UPI-41.

H. FILM ANIMATION

This section describes the process by which a second projection film
is produced to enable the electro-optic rifle receiver to sense targets
on the movie screen and score the trainee's performance.

A black-and-white animated companion film is prepared for simultan-
eous syncronized projection on an infrared projector with a full color
battle scenario on a second projector. The black-and-white film is ani-
mated frame-by-frame to produce a clear target zone surrounded by an
opaque field. If more than one target is present then more than one
clear target zone is animated within a frame.

Infrared light is projected through the clear target area to pro-
duce a target zone for the rifle electro-optic sensors. This infrared
target zone is usually animated to directly overlay the visual target
being projected by the full color battle scenario but may also be super-
elevated and/or lead the target as required.

Film animation has been accomplished by inspecting a battle scenario
frame-by-frame on a Movieola (a type of laboratory film analyzer). Each
frame is inspected for the total number of targets, and target location.
Each frame is catalogued and then compared to each other for target range
and rate of transverse motion measured. Lead and superelevation calcula-
tions are computed from this data for final animation.

Selected target shapes and sizes are prepared for use in the anima-
tion process. These shapes have usually been silhouette, oval, and
circles. The target shape is realized as an opaque shape on a clear
strip of acetate.
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The battle scenario is again viewed frame-by-frame in the animation

process. The animator locates targets according to the script and over-
lays on appropriate target size and shape on a rear projection screen.
Lead and superelevation corrections are applied if necessary and then the
battle scenario is removed while a single frame of the animated film is
exposed.

Upon completion the entire animated film is developed using a rever-
sal process. This process causes the opaque target shapes to become
transparent and the background to be opaque. The contrast is adjusted
for a D* = 2.5 or better. A D* of 2.0 has been used successfully.

Copies are made of this master animated film and both battle scene
and the animated films are edge numbered for easy identification and
editing. A final coat of laquer is then added to protect the emulsions
and extend the life of the films.

The resolution of man targets beyond 300 meters is difficult and is
a limitation of the system using standard 16mm film.

No research was done on automating the production of the IR target
film. It is our opinion that research in this area could reduce both
the time and expense of producing the infrared target film.

6

67

0



SECTION IV

CONCLUSIONS

The SWAT was tested successfully by both the U.S. Army and also by
the U.S. Marine Corps but under the name UIWT (Universal Infantry Weapon
Trainer). The two systems are virtually identical except for the number
of trainee firing positions, the SWAT having five while the UIWT consists
of four firing positions.

The U.S. Army test was conducted by the U.S. Army Infantry Board
(USAIB) for the Directorate of Training Developments, U.S. Army Infantry
School (USAIS), Fort Benning, Georgia (See Reference 9). The test was
conducted 22 January through 5 March 1980, employing test soldiers from
the U.S. Army Marksmanship Unit and TOE units. Testing included use of
the SWAT as a vehicle for training riflemen in the technique of engaging
moving personnel targets. A comparison of record fire scores, achieved
by personnel trained on the SWAT, on the Infantry Remoted Target System,
Defense Test Range, and a no-training control group, was conducted to
address training potential. Figure IV-l indicates the results of firers
interviews concerning the SWAT weapon and SWAT targets. Some of the major
findings were that test soldiers improved their firing performance on
three iterations of SWAT firing, but not on three iterations of DTR firing.
It is stated that "this test does give some evidence of the SWAT system's
potential for training transfer. However, a final estimate of the system's
training value cannot be made until a training program is developed which
optomizes SWAT performance"

An evaluation of the UIWT's training effectiveness and potential was
performed in November 1979 at Camp Lejeune, North Carolina by the U.S.
Marine Corps (See Reference 8). The evaluation was conducted by three mem-
bers of Code N-241, Naval Training Equipment Center. Three different
groups of Marines acted as test subjects or provided expert opinion. They
are as follows:

(a) 120 enlisted men took part in a quasi-experiment designed to
determine the benefits of the UIWT versus a more traditional training
method,

(b) Eight highly experienced snipers evaluated the UIWT for its train-
ing capabilities. These Marines also serve as marksmanship instructors,

(c) A variety of Gneral, Field and Company grade officers fired the
simulator and gave opinions concerning its usefulness.

Generally, the infantrymen were very positive about their experience
with the UIWT. They would like to see deployment of the device into
actual training situations. An overwhelming number stated that they
would rather train in the UIWT than on the pop-up range. The elements of
realism and immnediate feedback were the main reasons for infantrymen sat-
isfaction with the UIWT.
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RESULTS OF FIRERS SAME AS

INTERVIEW (MEANS) Ml6A1

A SWAT 'WEAPON 1 2 3 4 5 6 7

1 Ease of zeroing (easier-harder)- - -

2 Recoil (less-more)- - - -

3 Mukzzle climb (less-more)- -- - -

4 Amount of noise (less-more) 0

5 Sound duration (shorter-longer) 0

6 Trigger squeeze (easier-harder) I

7 Amount of slack in the trigger 6
(less-more)- -- - -

8 Balance (worse-better) - 1-

9 Weight (lighter-heavier)-- - -

10 Ease of magazine change
(easier-harder)

11 Accuracy (less-more)-- - -

12 Obtaining a good sight picturej I
(easier-harder)-- - -

13 Getting a hit (easier-harder) - -

14 SWAT training (worse-better)- -

B SWAT TARGETS

1 Seeing targets at 0-100 meters
(harder-easier)- -

2 Seeing targets at 101 -200 I
meters (harder-easier)* I

3 Seeing targets at 201-300- - 1 - -

meters (harder-easier)I

4 Determining target rangesI
(harder-easier) * i-

NO SIGNIFICANT.01
DIFFERENCE ( 01

* Note: In all cases the SWAT rifle and targets are being compared
to the Ml6Al and the DTR range. If there was no difference between
them, then a 4 was chosen. The farther away the mean is from 4,
the more difference there is between the SWAT and the M16AI.

Figure IV-l. Results of Firers' Interview (Means)
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Without exception the officers who fired and observed the UIWT
stated that it was a valuable training tool. Some officers went so far
as to request that the UIWT prototype remain at Camp Lejeune so that
they could start training Marines. A number of officers expressed con-
cern about UIWT maintainability and reliability. They felt that if the
UIWT was to be used for large numbers of trainees it would have to have

rigid specifications for reliability.

The Marines suggested that there were no special features of the
UIWT system (i.e., feedback, recoil, instructor console, infrared moni-
tor, etc.) which should be deleted. All features seemed acceptable and
desirable to those who evaluated the system.

The UIWT functioned well throughout the study. Breakdowns and mal-
functions occurred on few occasions. This performance record is even
more impressive when it is considered that this version of the UIWT is
a prototype. The maintainability and reliability of the UIWT, based
upon this evaluation, must be considered as good. Future iterations in
the production format should only serve to increase these two character-
istics.

Despite test limitations, the UIWT evaluation was considered to be
successful by those participating in the evaluation. The overwhelming
enthusiasm for the training device, exhibited by the Marine personnel
who fired it and observed it, gave evidence of its potential usefulness.

The evaluation of the UIWT at Camp Lejeune produced postion findings.
Every characteristic of the UIWT met with approval. An evaluation of
trial scores on the UIWT provided empirical evidence of the UIWT's effec-
tiveness.

No formalized Program of Instruction (POI) exists for team firing
training. Consequently, none was administered with the UIWT evaluation.
This area of training should be given consideration in the future. Pre-
sently the instructor merely gives informal directions on how a fire team
should function. The same informal procedure is followed for marksman-
ship instruction. Observation of the UIWT evaluation identified a number
of factors which should be formally addressed in instruction for team
fire.

(a) How large is a fire sector?

(b) Enemy tactics (i.e., Warsaw Pact, Vietnamese)

(c) Amiunition rationing

(d) Change in fire team tactics if a member is made inoperable
(i.e., gun jams or casualty)

j There is presently no training which accomplishes the objectives

that the UIWT addresses (e.g., fire team training, on board ship prac-
tice and training, and providing realistic combat scenarios which require

Er application of proper aiming techniques). Since the Marine Corps deems
these objectives to be important, it is recommended that the UIWT effort
be funded and prepartion be made for contractor production of the system.
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In addition, development of the UIWT's capability to simulate other in-
fantry weapons such as the TOW, DRAGON, motars, etc., should continue.
Also, any formalized instruction should include techniques for firing
at moving targets (including leading, firing into brush cover, and fir-
ing through smoke). It is possible for an instructor to forget to
cover many of these important points when it is presented in an informal
manner.

The UIWT has a counter which allows the number of rounds fired during
a session to be accurately assessed. This counter showed that over 40,000
electronic rounds were used for the evaluation. Presently, costs for live
M-16 ammnunition are approximately nine cents per round. At this rate, the
UIWT accomplished an ammnunition cost savings of nearly $4,000. This dollar
figure if applied to a year's worth of training, would be a significant
savings. At this rate the UIWT would pay for itself in a year. If the
transportation fuel costs were added to the amm~unition cost the savings
would be even more impressive.
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* APPENDIX A

FUNCTIONAL DESCRIPTION OF CONSOLE SWITCHES

Figure A-i displays the Instructor's Console. The right side
display screen presents printed columns showing trainees results each
time they fire, and indicates by a red light which trainee is doing
the poorest. The miniature toggle switches must be in the up (or on)
position for any trainee participating in the exercise. The left side
display screen presents positions of movie targets and indicates where
trainee is aiming and where his round has been fired in relation to
where the target appeared.

On the main, center panel, the instructor operated switches are ;
arranged and labeled in groups by function. They are:j

1. Main power (single switch)

2. Microcomputer (three switches)

3. Computer Voice (two switches)

4. Projector (two switches)

5. Motor (three position rotary switch)

6. Boresite (single switch)

7. Recoil (single switch)

8. Score display (single switch)

9. Audio Communications (eleven switches)

10. Weapon motion system (eleven switches)

The operation of these switches follows:

MAIN POWER - Applies the ac power to entire console.

MICROCOMPUTER - "On" applies operating voltages to computer.

"Reset" clears all previous data from computer and asks if
individual identification of each trainee is required. If none is re-
quired, depress any key except Y (For "yes"). Computer will signify
system is ready by printing out "let's start".

"Start print" starts the hard copy printout process printing
trainees results and analysis.

If individual scoring identification is required, depress the let-
ter Y on typewriter. Computer will ask you for today's date, session
number and to enter in name of first trainee, then instruct you to
identify the others in same manner. NOTE: Names of trainees must be
limited to those containing no more than six letters.
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COMPUTER VOICE - Permits instructor to activate the computer
voice carried to trainee headphones. The voice reset button should
be pushed whenever the computer voice is turned on.

PROJECTORS - "Locked-Unlocked" switch either locks or unlocks
synchronous motors of IR and visual projectors together so that target
frame and visual frame coincide, or permits instructor to operate pro-
jectors independently during alignment. For normal operation the
switch should remain locked.

"Start Movie" physically starts the movie if motor swi.tch
is not in off position.

MOTOR - This three position rotary switch performs the function
of appying ac power first to projector motor and then to projector
lamps (this procedure is conventional in all movie projectors to con-
serve lamp life).

BORESIGHT - This switch allows instructor to override the "tar-
get present" signal delivered to computer by the projector, so that
trainees can fire at the target box instead of the movie screen.
When lower half of this switch is illuminated the system is in normal
(movie screen) position.

RECOIL - This switch gives instructor the option to conduct ex-

ercise with or without rifle recoil.

SCORE DISPLAY - This switch clears the right side screen display.

AUDIO COMMUNICATIONS - This bank of eleven switches permits the
instructor to liste in on the headphone of any trainee, and talk to
any one or all trainees.

WEAPON ACTION SYSTEM - This bank of eleven switches allows the
instructor to view,-on the left side display screen, exactly where
any, or all, trainees are aiming and firing in relation to where tar-
gets appeared on movie screen. The upper bank of switches selects the
trainee to be observed. The lower bank of switches either energizes a
trainee's laser continually or only when he had fired his rifle. These
switches supply operating power to the laser attached to each rifle,
and must be held pushed in for the laser to operate.

A-3
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APPENDIX B

TEST EQUIPMENT

*1. LASER CHECKER

The laser checker test box, Figure B-i, allows instructor to
make a go-on-go check of the SWAT tracking laser which is attached
to the simulated rifle. Referring to the schematic, Ql is a silicon
photodiode which responds to IR energy from the rifle laser. When
the rifle trigger is pulled, with the laser positioned a few inches
from the detector, Q1 detects the infra red pulse, and delivers an
output signal to Q2.

Q2 is a high gain amplifier whose output is a sharply rising l
positive pulse that provides the gating signal required to turn on
silicon controlled rectifier Q3, placing its anode at ground poten-
tial, and allowing capacitor C3 to begin charging up toward Vcc
through resistor R5, and energizes the Sonalert alarm producing an
audio tone of approximately 2 KHz.

Q4 is a unijunction transistor oscillator which is enabled when-
ever capacitor C3 is returned to ground. As capacitor C3 starts to
charge toward Vcc it produces an exponentially rising DC voltage at
the emitter junction of Q4. When this voltage reaches the breakdown
point for this particular unijunction, Q4, conducts heavily, shorting
emitter to ground thereby allowing the charge on C3 to dissipate,
lifting the anode of Q3 off of ground which turns off the SCR, dis-
abling the audio alarm, and the entire circuit is again ready for re-
cycling.

Power for the laser checker is externally provided via binding
posts. Any battery voltage from six to thirty volts may be used. The
audio alarm sound level varies with battery voltage. Fifteen volts
provides more than adequate sound level for an~ average room.

2. RIFLE CHECKER.

By using an ordinary penlite flashlight as a source of light
energy, and directing the light into the lens of the rifle receiver,
the rifle checker test box allows the instructor to confirm that the
four quadrant detector in the rifle is functioning, the "Full Clip"
feature of the SWAT system is operating correctly, that the rifle
mode select switch, and rifle trigger switch, are also functioning
properly. In addition, the SWAT laser can be tested using the laser
checker in conjunction with the rifle checker.

Detector Test: Referring to the schematic of the rifle checker,
- *-Figure B-2, -connections to the rifle are made via a T&B connector

identical to that with the SWAT system. Connector pin numbers are
identified on the schematic. ICI is a quad comparator which estab-
lishes the signal strength reference level of the IR energy received.
Each of the four comparators parameters are identical. The desired
reference level is established on the non-inverting inputs of ICl.
The rifle detector outputs appear as signal at the inverting inputs

* B-1
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of ICI. When this input signal is of an amplitude equal to the
reference level established via the variable resistor, the outputs
of ICl rise to a logical "HIGH". This output "HIGH" signal appears
on one input to IC2 which is a quad NAND gate. Since the remaining
NAND inputs are permanently "HIGH", IC2 produces a logical "LOW" at
its ouput, providing a path to ground for that particular LED, allow-
ing it to light up, indicating that the SWAT rifle detector is opera-
tional. By pointing the flashlight beam into the rifle receiver lens
and moving it about, it is possible to observe that all four quad-
rants of SWAT's rifle detector are indeed functioning.

Ammo Magazine Test: One half of IC4 is a timer arranged to pro-
duce one pulse of approximately five second duration whenever it re-
ceives an input, thereby testing the "full amno magazine" feature of
SWAT. A "full magazine" is simulated by one whose internally-mounted
capacitor has been charged. A separate, partitioned-holding/charging
tray which accomodates up to 30 magazines is provided with the instruc-
tor's console. In future modifications, this holding/charging tray
can be incorporated into the console. Referring to the schematic,
when a (charged capacitor) full magazine is inserted in the rifle,
the capacitor discharges into one gate of IC3, a NAND, providing a nega-
tive going signal as input to timer IC4. When IC4 turns on its output
goes "HIGH" allowing LED 5 to light for approximately five seconds. If
an "empty magazine (i.e. one which has expended its full thirty rounds) . -

is inserted into the SWAT rifle, it cannot energize the circuit and
LED 5 will not illuminate.

Laser Test: This test is performed by one half of IC4. The cir-
cuit is a free-running oscillator delivering sharp positive pulses of
approximately one microsecond duration at a PRR of 5 KHz. This output
is directly connected to the laser input via the normal connecting
cable. When the "laser test" button on the rifle checker box is de-
pressed, the output of oscillator IC4 is allowed to trigger the laser,
and the laser will emit IR energy.

By setting up the laser checker* box several inches from the laser,
an audio alarm tone indicates correct operation of the laser each time
the test button is depressed. *Circuit operation is described in Para-
graph I of this Appendix B.

Rifle Trigger and Mode Switch Test: Correct physical functioning
of the SWAT rifle trigger is verified by observing the test lights LED 6
and LED 7. LED 6 will normally be on. When the rifle trigger is pulled
LED 6 goes off for a fraction of time, LED 7 comes on during that in-
stant, and as the trigger is pulled all the way LED 6 comes back on and
remains on.

Rifle Mode Switch Test: The SWAT rifle mode select switch is test-
ed by observing the operation of LED 8 and LED 9. In the semi-auto-
matic mode, LED 8 is on and in the automatic mode LED 9 is on.
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* An internal dual fifteen volt power supply provides operating
voltages for the SWAT as well as for the pre-amp receiver in the
SWAT rifle. A single miniature dry cell forty-five volt battery
within the test box supplies operating power for the SWAT laser.

3. RIFLE SUBSTITUTION BOX

Using the rifle substitution box, it is possible to simulate
the operation of a SWAT rifle on the instructor's console. It can
simulate a rifle being fired either in automatic or semi-automatic
mode, and can simulate the target information normally received by
the rifle's quadrant detector from the projected movie image.

The rifle substitution box is connected to the instructor's
console via a T&B connector identical to that on a SWAT rifle. Power
for the test box is derived from the console. Operation of the
trigger switch and the mode switch are obvious. Capacitor Cl simu-
lates the capacitor which is internally mounted inside of each maga-
zine. It remains in the charged state via switch SW4 as long as
the test box power switch is in the "on" position. When the count-
ing circuit in the SWAT electronics indicates to the computer that

thirty rounds have been expended by allowing no more shots, the in-

sertion of a new magazine is simulated by momentarily engagingp
switch SWl.

Target information is simulated by the status of four switches,
SW5, SW6, SW7, and SW8. ICI is a free-running oscillator delivering
a square wave at a PRR of 96 Hz (which is the rate at which the
projected IR Target energy is chopped). The output of the oscillator
is delivered to the console via switches SW5 through 8 as simulated
rifle detector signals.

Referring to the schematic, Figure B-3, the adopted convention
for the four quadrant rifle detector is shown. Switches may be in-
dependently thrown to either ground (low) or to the 96 Hz positive
pulse output of ICI, constituting either a true or a false logic
signal to the SWAT console. Any one of ten possible combinations of
hit or near misses can be duplicated by these four switches. For
example: Switches SW3, SW4 "Low" and switches SWl, SW2 "High" will
be recorded by the computer as a "low right" signal from the simulated
rifle. Similarly, SWl, SW4, SW2 "High" and SW3 "Low" would simulate
a SWAT rifle detector condition where IR energy is centered on those
quadrants. This information would be interpreted by the computer as a
trainee having fired "Low" at the target.

4. BORESIGHT BOX

The boresight box, Figure B-4, allows the instructor to ini-
4 tially check the closeness of SWAT rifle boresight alignment. A

free running oscillator ICI with a PRR of 96 Hz delivers input pulses
to a Darlington amplifier which consists of Ql and Q2. The Darlington
an;Qlifier pulses a high intensity incandescent lamp at 96 Hz. The
visible portion of light is filtered out so the rifle is aimed at the
black-outlined aiming pip on the box, fires the weapon, receives audio
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feedback results via his headphones, and adjusts rifle sights for
accurate alignment of front and rear sights.

Power for the boresight box is supplied externally via one
small, 12 volt rechargeable sealed-gel battery. The boresight
box can also be utilized as a marksmanship target. The instructor
simply enables the front panel "target present" switch allowing
the SWAT console to disregard target information from the movie
screen, and instead, to accept target information from the bore-
sight box.
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.0064H LEN 79
0067H LIN 80
006AH LIN 81
006AM LIN 82
006DH LIN 83
0070H LIN 84
0070H LIN 85 V
0073H LIN 86
0073H LIN 87 V
007RH LIN 88
807AH LIN 89
0080H LIN 90
0085H LIN 9±
0085H LIN 92
008CH LIN 93
008CH LIN 94
08FH LIN 95
009fH LIN 96
0096H LIN 97
0098H LIN 98
009EH LIN 99
OOA9H LIN 100
O0ACH LIN 101
00ACH LIN 102
00ACH LIN 103
00ACH LIN 104
00AFH LIN 105
00B2H LIN 106
0OB5H LIN 107
008H LIN 108
cOBCH LIN 109 V

MOD STAPTUPMODULE
7:91FH SYM MEMORY
12FCH SYM INTERRUPTCALL
380AH SYM HISTORY
380FH SYM NAME
383CH SYM DATE
32848K SYM TONIJMBER
0104H SYM WHEN
0114H SYM UIWTID
0129H SYM WENT
013CH SYM QUERY
0152H SYM TRAINEES
016CH SYM ONRIFLE
384FH SYM X
3850H SYM I
3851H SYM J
3852H SYM K
3853H SYM JK
3854H SYM IDFLAG
0176H SYM PORTSET
ITFH SYM SETDATR

3855H SYM POINTER
a857H SYM LENGTH
3858H SYM VALUE
3859H SYM FINAL
01?9M SYM LOOP
0187H SYM SIMULALERIFLES
3858H SYM RUNTYPE
OISFH SYM STARTUP
024CH SYM SETINT
02A2H SYM GETID
0.27H SYM CLRDATE
02C2H SYM GETDRTE

:.?PFIM SYM GET IDNUMBER
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-CH SYM 'N NH ME

C0176H LIN 2"

OJ7H LIN 2
SOt7H LIN 24
&-17EH LIN 25

17 OIFH LIN 29
OISCH LI1N 31
0199H LIN 2

ILH5H LIN
1 iAiH LIN 34
SE:.H LIN Y.

0)iBH LIN 41
0IE:H LIN 42
016BH LIN 42:
C1.EEH LIN 44
ulBFH LIN 46
OiE:FH LIN 47
C11* H LIIN 48
l[SH LIN 49

Ol:E&OH LIN 50

OIEBH LIN 51

&IF6H LIN' 51
0iF6H LIN 53
.,,-EH LIN 54

0235H L I N 55

COA lH LIN 56V
-'2OFH LIIN 57'

0214H LIN 5 S
021'H LIIN 59
-21 E8H LIN 611
Ci 1FH LIN 61
u.'.H LIN 6 4
8I2 IH L I N
0229H LIN 6 4
_i23DH LIN 65

0241H LI '

'48KH LIN .
'w-49H LIN

,i24':H LIII
2,=,1,H LIN 5

''s3'4H LIN T7
LEN I 2

Og-62H LIN 74
u.' 4H LIN '5
*i-':LH LIN .

-'b.1 2H LIN.

C 21H LIN 1
7'1.EH LIN ,
C.'8-4H _IN S:I

OI .:'H L IN A:.2,ou295H L 114 4
S29:MH LIN :
IcH.eH I IN

i.[ H L I N '
4.'l,12H 1. IINI.

&12F,'H .1
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02E3H LIN "6

I2ERH LIN 97
02F7H LIN 98
02FEH LIN 99
0303H LIN 10
0308H LIN 101
030DH LIN 102
0318H LIN 103
031EM LIN 104
0323H LIN 105
0326H LIN 106
032H LIN 107
0339H LIN ±08
033FH LIN 109
0347H LIN 1
034CH LIN 1
0353H LIN 112
0360H LIN 113
0367H LIN 114
036CH LIN ±15
0371H LIN 116
0376H LIN 17
0381H LIN 1±8
0387H LIN 1±9
0395H LIN 120
039H LIN 121
03A4H LIN 122
03A9H LIN 123
03REH LIN 124
0383H LIN 125
036H LIN 126
03C7H LIN 127
0ZL'5H LIN 128
03DBH LIN 129
03E3H LIN 130
03ESH LIN ±131
0403H LIN 132
040AH LIN 133
0411H LIN 134
0416H LIN 135
042DH LIN 136
043GH LIN 137
0437H LIN 138
0437H LIN 139
043FH LIN 140
0442H LIN 141

MOD TIMERMODULE
391FH SYM MEMORY
385CH SYM LSTIMEBYTE
385DH SYM MSTIMEEYTE
385EH SYM TIME
:85EH SYM LOWTIMEBYTE
385FH SYM HIGHTIMEBYTE
0443H SYM TIMERSTART
045CH SYM TTYTIMER
0469H SYM VOTRAXTIMER
0476H SYM CLOCKREAD
8443H LIN 8
0443H LIN 9
0447H LIN le
044BH LIN 11
044FH LIN 12
0453H LIN 13
0457H LIN 14
045DH LIN 15
045'V IIN 16
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LI
4. ~LIN 1.8

0464t4 LIN .19
34658H LIN' 20

0469H LIN 21
04659H LIN 22

0346DH LIN 23
0471H LIN 24

0475H LIN 25

0476H UIN 265

0476H LIN 27

04RHN LIN 28

047FH LIN 29
0484H LIN
%488H LIN

MOD RI FLEOa iMlIULE

:291FM SYri MEMORY
386eH SYM MESSAGE

0498H SYM SCORIT

3861H SYM SHOTLCFT ION

3862.H SYM FILE
0i488.H .YM D~ECODE

3863H S-YM FIRSTSHC'T
-88 .YM SCOCRE

88 yM RtOER

8A 9H SYM -APEEL
!:;8BH SYM TOTHLTIME

-eBA SYI ELTATLMIE
- BRCH E8YM FIL

38E:OH sYM RIFLE
18BEH SYM FPTP
-148FH SY M 5HCOfFL~r2
38COH SYM RIFLEIE'
034B7H SYM UPISTROBIE
0.4Cb3H SYM TAPCOEAVHILBLE
,-CIH SYM TRI3ET
0~4C6-H SYM RIFLESHOT

-34cCCH S_,Y M GETRIFLEDATR
i::C2H SYM SHO:TDtITR

CI4CCH SYMi UNRESOLVED
41)f4H SYM WHOSHI-T

Ot-21H syM HOW'-'I CK

i'1i4H SYM 0KC)HtTH

ot-FL'H SYM VOTRA..MEv AE

0.6SCH4 SYM rURKEYDATA
u.6F2H SYM WHCFRILEDTOSHIJOT

0768.H SYM SHOIWWU.RST

j8C3H SYM BA(.WO)tD
;e:4H SYM BADNEWS

0I76AH 5yII HOW6AL'

0- 7C"1 H S'ymI HUJNTWCPS T

0498H LIN 6

049EH UIN 8

04E"6H LIN 9
0i48'7H LUN _-1

0E4E"'H L IN 7.2
ij48EH LIN 7

0i48FH LIN 24

04COH LIN 1:

A- 4C.OH L 14
434C5H UNJ
i34C6H L IN
04C6H L IN 4

,34C'6H LIN 41

ui41- [.H I N 44-
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04CCH LIN 46
04D5H LIN 4?
04DRH LIN 48
04ELH LIN 49
04F3H LIN 50
04F6H LIN 51
8500H LIN 52
0583H LIN 53
050CH LIN 54
0513H LIN 56
0521H LIN 57
0521H LIN 58
052DH LIN 59
05 CH LIN 60
054EN LIN 61
056DH LIN 62
057DH LIN 63
0588H LIN 64
0588 LIN 65
0588H LIN 66
0593H LIN 67 9
059BH LIN 68
059FH LIN 69
05R4H LIN 70
5S5SH LIN 71

8582H LIN 72
0586H LIN 73
05BRH LIN 74
058FH LIN 75
05C8H LIN 76
05['4H LIN 77
05D4H LIN 78
05EEN LIN 79
05FRH LIN era
05FDH LIN 81
06rDH LIN 82
061H LIN 83
06IDN LIN 84
06.25H1 LINI 85
0625H LIN 86
062M LIN 87
062FH LIN 88
06:2 LIN 89
OE3rH LIN 90
0638H LIN 91
06IFH LIN 92
0644H LIN 93
0647H LIN 94
064FH LIN 95
064FH LIN 96
0654H LIN 97
0659H LIN 98
065CH LIN 99
0664H LIN 1±0
0664H LIN 101
S0691H LIN 1L2
066EH LIN 103
0671H LIN 104
8685H LIN 105
0685. LIN 106
068CH LIN 108
06OH LIN 109
06ARN LIN 1
06A01 LIN 11i.
0682H LIN 112
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06B7H LIN 114
06C7. LIN ±16
e6D7H LIN 117
06EIH LIN It8
06E4H LIN 119

06E9H LIN 120
e6E9H LIN 121
GEEN LIN 122
06FI LIN 123

06F2H LIN 124
6F21" LIN 125
0700H LIN 126

4'- 070A LIN 127
0719H LIN 129
072DH LIN 138
0737H LIN 131
073RA LIN 132
073FH LIN 133
0748H LIN 134
074DH LIN 135
0752H LIN 136
0757H LIN 137
0757H LIN 138
075EH LIN 139
0769H LIN 140
876RH LIN 141
076R1H LIN 144
0778H LIN 145
0783H LIN 146
0798H LIN 147
07Ci LIN 148
07C7H LIN 149
07CCH LIN 150
07DIH LIN 151
07DFH LIN 152
87FS LIN 153
e086H LIN 154
0821H LIN 156
Ae29H LIN 157

08 32H LIN 158
08k2H LIN 159
0839H LIN 160
083EH LIN 161

MOD CONSOLEMO ULE
a9tFH SYM MEMORY
083FH SYM HELLO
38c9m SYM I
3SCRH SYM Y
38CBm SYtM GOS
0851H SYM TTYSET
0869H SYM TTYRES
Wt71H SYM VOTRAXSET
087FI SYM VOTRES
0891H SYM CIN
0.,41H SYM RXRCY
OSA±N14 SYM TXRD(8HFH SYM COUT

R-C.CN SYM I TEM
08C2H SYM BITDU UP
O8C8H $YM PRNTNUM
0912H SYPI PRINT
38CDH SYM POINIER
2O8CFH SYM FINAL
0-25H SYM LOOP
0943.H SYM GREETING

C-7
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851H LIN to
8855H LIN 1±

0859H LIN 12
885DH LIN 13

886*4 LIN 14
0864H LIN 15
0868H LIN 16
0869H LIN 17
0869H LIN 18
886DH LIN 19
887H LIN 29
0871H LIN 21
8871H LIN 22
8875H" LIN 23
8879H LIN 24
087R LIN 25
087RH LIN 26
087EM LIN 27
08824 LIN 28
8886. LIN 29
OSSAM LIN 38
888DH LIN 31

0890H1 LIN 32
0891H LIN 33
891H LIN 34
0899H LIN 35
089CH LIN 36
OBAIM LIN 37
OSRIH LIN 38
OSRIN LIN 39
08R9H LIN 40
O8AEH LIN 41

OSFH LIN 42
883H LIN 44
08b9H LIN 45
0SCH LIN 46
0CIH LIN 47
08C2H LIN 48
O8C2H LIN 49

88C7H LIN 5e
O88H LIN 51
08C8H LIN 52
OSCOH LIN 53
08['BH LI N 54
08EDH LIN 55

08F2H LIN 56
08F9H LIN 57
090 0H LIN 58
907H LIN 59
090CH LIN 60
0911H LIN 61

0912H LIN 62
@918*4 LIN 64
0925 ' LIN 65

09311H LIN 66
09384 LIN 67
093FH LIN 68
8942H LIN 69 )
0943H LIN 76
0943H LIN 71

0949H LIN 72 )
094CH LIN 73
894 *M LIN 74

o0 RESULT SMODULE

3QFc- SYN PIEPORY
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t.D5 SYtI ZILI

380H YMNERFLMISS

-' 0978214 Sy" CRTEOR($

0984E$ SyK RIFLERIOD
996H SYM RIFLHOHFI3
0964H SYlI RIFLEHION
e39R7H S%'M RIFLEHIOI4EF
0974H$ SY" RIFLELEFT
0978C SYM RIFLELOWLEFT
09C8H SYM RIFLERTIKE
09D4H SYII RIFLETAROEITINRE
0996H SYM I BLENK
@9E9H SY" HRIEIa4NSMOI
0984H SYtI RVFERFJT lI

0%GAN SYM UITSLWLF
eo_±2H SYM RIOUROEY

O9DH SYII ORIFLERESTSO
0AC2H SY14 TYPANK
09E4H SYM SM*INSO

085CM SYM UNITS
OA124H LIN 24RSM
OF16EN LIN 26SNREUT

0824H LIN SUM

OR24H LIN 28
£tA20H LIN 26
36DH LIN 20

0A46H LIN 28
OA,66H LI 2
O06FH LIN 2
0A46EH LIN 54
oR78H LIN 52
OoA7EH LIN 56
OR728H LIN 54
OR8H LIN 55
iA7iH LIN 56
*'M95H LIN .51
OF488H LIN 62

4 A91HI LIN 63
OH91H LIN 64
OR97CH LIN 62
kiAC2DH LIN 66
~.OCH LIN 64

ofVCEM LIN 68
OAflI2H LIN 69L 0f,8* LIN 67

OADDH LIN 71
SAEIH LIN 72

S86N LIN 72
080CM LIN 7
e01W LIN 76

081214 LIN 76

OBIFN LIN 78
OBE24H LIN 79
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1-Wtm LIN o d
0B50H LIN 8
0857H LIN 82
085CH LIN 83
OB6RH LIN 84
B88H LIN 85
OBSFH LIN 86
0896H LIN 87
0899H LIN 88
OB9FH LIN 89
OBB6H LIN 90 Al
089H LIN 91
OBBFH LIN 92
OBD2H LIN 93
OSDSH LIN 94
OBDBH LIN 95
OSF2H LIN 96
OBF5H LIN 97
OBFBH LIN 98
OC12H LIN 99
0C:15H' LIN 100
OCIBH LIN ±0.
OC32H LIN 102
0C35H LIN 103
OC38H LIN 104
0C52H LIN :105
0C55H LIN 106
0C5BH LIN 107 -'

OC72H LIN 108
0C75H LIN 109
OCBH LIN 110
0C92H LIN 111
OC95H LIN 112
OC9H LIN 113
OCB2H LIN 114
OC85H LIN 115
OCBBH LIN 116
'LitE.LH LIN 117
CD5H LIN 18

'aCW H LIN 119

OCF'H LIN 120
'C:F5H LIN 121
OCFE:H LIN 122
OL,12H LIN 123
OC'15H LIN 124
I'iBH LIN 125

O2EH LIN 126
8['31H LIN 127
OE):;7H LIN 128
L'4FH LIN 29

OC.8FN LIN 133
0[:'7CH LIN 134 1

D84H LIN 132
O.,SFH LIN 136
0L)E:o-H LIN 134
OD90H LIN 135
O['82N LIN 136
OLB9H LIN 17
.REM LIN 13

608B4H L IN 139
OL-89gH LIN 140
O[:SEH LI]N 141

eDC4H LIN 142
orC7H LIN 143
eDC:CH LIN 144
ADDH LIN 145 :
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£ 06H LIN 147

0O0DH LIN 148

9DDEH LIN 149

MO F INALMODULE
391FH SYt MEMORY
3806H SYM W

WODFH SYM FAST
OEM9 SYII GOOD
0E22H SYM FAIR
eE48H SYM POOR

38 CH SYM TIMECREDIT

38DDH SYM N
6EEH SYM COMMENT

eED5H SYM HX2AS
39DEM SYM HEXADR
38EOH SYM DECADR
38E2H SYM N

38E3H SYM "
OF62H SYM COMPOSITE

OE66H SYM COMP
38E4H SYM OVERALL

38E6H SYM DECNUI
OE7EH LIN 9
OE7EH LIN 10

8E89H LIN 12

OESFH LIN 13

OE94H LIN 14

OE97H LIN 15
OER2H LIN 17
OEASH LIN I8

OEROH LIN 19
eEBa4 LIN 28

eEBBH LIN 22
OECIH LIN 23

SEC6H LIN 24

@EC9H LIN 26

8ECFH LIN 27

OED4H LIN 28

OED4H LIN 29

OEDSH LIN 30
OEDFH LIN 32

OEEDH LIN .33
8EFSH LIN 34
OF'12H LIN 35

OF24H LIN 36

OF2BH LIN .37
OF30H LIN 38

*F4EH LIN 39

OF5AH LIN 40
OF5EH LIN 41

OF6iH LIN 42

OF62H LIN 43

0F62H LIN 45

C OFBO1 LIN 46
GFCiH LIN 4;'

OFC.H LIN 49
F*.6H LIN 50

C 0FE4H LIN 51

OFFIM LIN 52

OFF1H LIN 53

12IFFSH LIN 54
LFFH LIN 55
1002H LIN 56
18e7H LIN 057

0 MOD INTERPT7
c-11~g
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'~8H StM INTERRUPTROUTINE
LOSH LIN 3
106CH LIN 4

1811H LIN 5
I115H LIN 6

MEMORY MAP OF MODULE UIWT

READ FROM FILE :FI:UIWT. TMP

WRITTEN TO FILE :FI:UIWT
MODULE START ADDRESS OOiH

START STOP LENGTH REL NAME

wH eH IH A ABSOLUTE

IH 1SAFH tAFH A ABSOLUTE

13FCH 13FEH 3H A ABSOLUTE

C-12
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~~ ISIS-I1 I Iw UIT WEtSION 1. 2 INTER-NO'LE CROSS*FERNCE li

ISIS-Il I)ffM I.4 IWVOS BY:
-I~ff :Fi:*. IXI TITLE('UIMT VERION £2 INTER-MODULE CIS-REFERENCE') a
FRINT( :FI:UiMT. FIE)

CAW

INTER-MIOWAE CROSS-EERENCE LISTING

ME . . ATTRIBUTES, MODME NMI

ADDR.. .. .STRLTR(5); RIFLEDAThIODULE RELTSNODXLE
WINE .I.I .ADDRE5SS RESLT90M FIPALE
BIRM .. . . PROCEDURE, OW62aOULE SW1M1U3U.E
CIR .. . PROCEM~ BYTE, CONSMEMDWLE TESTPROCODE STARTPMODULE
u..OWRI.. PROCEDURE ADDR95- TIIMSU RIFLEDATMOON.E YESTPRWOUN NRIMIIMTMtXIE
COMWNT. .. . PRCDUE; FIMOM RMLTMO
COMPOSITE . . . PROCEDURE FINIAOL ESILT9IUW.
COUT .. .PROCEDM* £CI6SLBIOSL RIFLORIIDDUE iSWROCFMu. IJNNflML ESLT90MN

STAMMMFUI FIWLNJULE
DAT E .... BYTE(12); SWTTINWDIU RMTSINU
DECW . .. BYTE(3) I9LT90MIL aJISMBLIULE STPRPHDSU.
DELTATIME . . . RNMSS, RIFLEDATNDMUE NNINJIIINAWE

FAIL .... . PROCEDRE TESTPROCODUSLE
FILE ...... BYTE, RIFLEDATRNUDU.E RS9DML STORTLIIDS0 FINFJIDU.E
FIRSJSIOT . BYTE(5) RIFLEORTOML NINTHIMIDLE STRRTUPNODW.E
FPTR . M- RIFLEDAMIVUE
AiTRIFLEDRTA . . PROCEDRE; RIFLEDAT9WAR.E MINIMMULE
OETING.. PROCEURE; C6OENODL ?mMIITNOWLE
HISTORY. SYTE(5) STPIRTMFOKUL RIF1EDAT0LE
WAS, - ROCEDURE; FINMNGULE

IDFff .. .. M- STWTUPHOKU ESLTSMDUk
IDU R. .. . M(7); STRRTWHODIE RE~tLTSMOD

INTERMPTROUT INE PROCEDUIE INTEMIPFT7 STWWWMM
LOTEST . . . . .PROCEDRE; TESTPROIDUE TESTMODII.E
LSTIMEBYTE.. BYTE TIPEIMMIL
M5TIMEBYTE BYTL; TINUMULE
NAME. . STRiCTIM(5; STFTWtLF RESUWLTlIE

4 II~NEISSES . BYTE RESLLT90UIL FIMUIDWLE
PORTSET . ROMMIA SIATPRWUM TESTPROOMDU.E
PRESENRE TS FROCEDWL- RE9AITIGU. NMINITPMDLE
PRINT ...... PROCEDRiA CUOCLEM U TESTPRODU)IE NE9LLTSN(K3E STAPROCIL FItS LME4PRNTNUR.. PR0CEVIN COJENDIlE TESTPWDDULE R T L

IiTST .... PROCEDIM, e URSOLVED. es ESI0E
RERLOOE BYTE mMIIITNOVULE STWtPNM(9RIFLE . .. T E; RIREDATMU RLLMIOUE FINRtLMOeuE

RONTST . PROCEDURE; *0 LIMVM so TESTMONE
SICTIN PROCOM s "WffSGLV so IESPOOWEC) Sal. SIE[TIKR(S)i RIFLDAMMftU RE9TS)MLUE STPR1TFUPMDUE FIM.NOME
SEIDATR PUOMEIM; STWTWPNP.L PFLCATAV' ILE 'MIMMOMIAE
SIN)TFLAG .. . .M IFIATMUULE STNTMWLO SOT ... MCO Pt LENM WEMINIWYhoraE
9W ... . . MIM S(); VIRSPUNULLE WRITSMILEIJ STORIWIUNL F101WOLE



QINT WION 1. 2 INTER-IILITS-FEKG - '- -PW 2 3

STpRTUp.. . . . FOMMED; STWTRFNOW~ HIIIJMUE
gsWITS .. . S RMLT9OI.L FIWAILMW
TNTMMILL FROMBM PM- RIFLBRTMOKLE SINJININLE
TMGETOIUINE . OURS' MIIINOWLE
TARGETEPfCTED. SYLM. "I TIUN.L
TFWAiTT lE ... fu S; m~imIImToUSLE RIFLEATU)ILE
TEST .. . .P3OWE;~ TESTWIU HtNMiw iMUL
TF4. .. 9MlE IIWUMOUE RIFLEDATUMOU STAflI'9IOVLE
TIME . ... DRSS, TINNM
TIWARSTMT . . . PUR9CEW TI91IOSDE TESTPROOMOtE "MIJITOV&E
TIHERTEST . FROE~il lESWROCIOMtE TESINOkUI
TIoik . MYL P!EINITOVLE STILWNOK.E INTE9PT7
TSTCAECK.. BYTE;' 1ESTFROCODOIN MINIiWTWLE~
TTRS . P RMDRE* 'N SLBILE 1ESTPMOUUE SiRLT9OOA.
TTYSET ..... FAMMWL CONSLONMIE 7ES1FSOCNK4 STRYONO
TTVTlt .91 FAODBM TINER10ME TESPNOWMPE COK ILE
TjftEy..... BYe. NWMUDIE RIFLEDATROMa SNAMlWOWE
hMV .. PROEM;L CMG6U8I TESTPaOWMUE MINJINTOW

upisTRmE .. PRoCEm RaFEoAmouW. TESPMOIOPL STPMTOLE
L6ARTTEST ... FROMDM; TESTPOME TESTNOL
VOTW4SET . .. PROElM;i CONS6BOCL TES~I~h
VOTOTIE ..13 . PROr8UE TI*MtLE TESTPROCIOE £EOENDV'IE
VORS ..... PROEWLE CaGMBWIU TESTPR9OGME MINITI ~E
WORfILEDT090YO PROIEDW RIFLEDATNIOUA. *MIWNMOU

WIXkLE DIRECTORY

K(A4IE MW FILE WIE D19(EM E

CONSM]ENOOWL. COMOL "I IT. TST
F I W~LWL . FILt PIN UINTI 3
INTERRUPT7 INTER PIN UIITi 3
hlmD1NTNCVUL MINUI! PLO wUi.T 2

RES(&TSNOW. RESLLT. PI UINTi. 3
RIFLEMTRIEA RIFIL PIN UIWTI 3
SIATLFHGAE . WIRT. PIN UIUTi. 3
TESTN(U)LE . .. TESTER PIN UINT. ST
IESTPROCMOWA.E TSTPRC. PIN UKMT. TST
I IIERP0O4LE 1113. PIN UIIIT. TST
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P1/Il-OSI CILE1FEB7?9 PAZ

ISIS-I1 L V1I COPILRTION OF OULE NRlIIWITNO)LEr OBJECT NMULE PLACD IN :FI:NAINUI. 083
CONPILER INVOKED BY: KM S :FIWRIMJI. P I)EF DEBIG OTE (I FEB 79)

/TIlS IP RUO fWAS RITEN BY K C. TOLE IN THE WINTER AND SPRING OF 1978 */
/* IT ASM THE SYSTEN HA BEN RESET FIOR TO MUSING 8/

/S THiS NODIFICRTION, uICH RESJTS IN A CHNIE TO UINT VERSION 1. 2
.. RESULTS FRON THE REIQJIIENT TO S0 THE WORST 90TE */

1IONINSilTPIO I:

2 1 SHMIAOR!ST- PROCEDURE EXTERINA;
3 2 E0 910WORST;

4 1 DEMME CLEMACRCO ATOR BYTE AT (0) RT(WFNfH); /, AFH-)EXCLUSIVE OR
KCUILATOR W1ITH ITSELF*/

5 1 TXDY: PROCEDIUE EXTERNAL; /0 LEIMS USRT TRM IT BUFFER FOR "EMPTY" /
6 2 BD TmI;

7 1 VOTfR: PROCECI E E ; /, VOTRUX RESET SEE CONSL ?PXI E */
8 2 END VOTRES1

9 1 COL': PROCEDUE (ITEP) EXTERNAL; /* %-VS A BIT OUT THROUG4 JWT $/
19 2 DEMME 1ITEM BYTE;
it 2 END COUT;

12 1 DEMME USARTSCONTROL LITERALLY 'ED', /* A)ORESS OF USART CONTROL P. 3-32 8/

USRTIRESET LITERALLY '40*H'*; /* RETUNS 8251 TO KOE INST. FONT
REF. PAlGE 3-43 8/

13 I STRTNP PROCEIE EXTERYA. /,SET 1/0 FOR RIFLE ETC. /

14 2 END;

15 1 TRETYAILBLE: PROCEDUR BYTE EXTERNAL; /* CHECS FOR AN IR SPOT
IT MILL RETURN I IF IR SPOT IS FOUND. 8/

16 2 END;

17 1 TIERSSTRRT PROCEDURE EXTRL; /* STRT 8253 REGISTERS 8/

1 2 END;

19 1 CLOCKSM ) PROCEDURE AD RESS EXTERNt /8 REIS CLOCK FOR TAWOE SHOTS
S28 2 END;

21 1 RIFLESSHOT: PROCEU BYTE EXTERNAL; /* RITS FOP ANY PIFLE 9V /
22 2 END;

23 1 GETRIFLESATA' PROCEDURE EXTERNAL; / READ REO INFT BYTE 8/

24 2 END;

C 25 1 SETIATA: PROCEDIUR (POINTER, LENGT, VA.UE) EXTEP?&,;
26 2 OEME POINTER AIRESS, (LENh VALUE, BMTE,

27 2 END SET*WTA-.

C-1



PL*4-6 C*3SPlEt- - FI9 .

26 1 FRNSUVRg tITS: PROCEDW EXTENAL, /s OUPUITS DATA TO CONSLE v
29 2 o

39 1 DEMME TSTOHECK BYTE EWW;D

31 1 TEST: PROCEDE EXTENAU
32 2 Be TESTi

33 1 DEMME FOREVER LITEALY 'HILE V';
34 1 DEMME MUWTERST LI1ERI.LY 'SEWN';
35 1 DEMME (MSINING, XK) BYTE;
36 1 DEMMAE MRIN WYE PIDIC AT (.TRAINING);
3? 1 I14OFILEDPDA9I FROCEMPE EXTIA.; /s IDENTIFIES HICH~ RIFLE HISSED

A TARET 910T OPPORTUNITY */
38 2 END;
39 1 GREETING: PROCEMI EXIERIA.; /s PRINTS GRETING TO CONSLE
40 2 END;

41 1 TIWEYEST: PROCEDIE; /s DECS FOR A I SCOID TINE ELMSE SINCE TNAT DOWN *
42 2 IF TN46T0OhINE )- MLOCKSPEA THEN
43 2 DELTRITIME a YOT0OW1IME - CLOCKER;

ELE
44 2 DELTROTIME =I .COMESSET + TFM74TSUTIIE - CLOCKSRERD;
45 2 IF DELTAIE )266 THEN
46 2 UND =iYL
4? 2 E ~LSE T :B;

48 2 END TLIFIWTEST;

49 1 DEMMAE DELTAT IME U)RESS EXTEER.
50 1 DEMME~ FIRSTST() BYTE EXTEEU
5t i DEMME TWMGENWTIME MORESS PWLIC,
541 1 DEMME (TAOETIEVECTED, IFLAG. RELISSE) BYTE PiBlIC;
53 £ DEMME~ IRY BYTE PUBLIC;
54 1 DECLME TAR(E$TlINE ADRESS PUBL IC;

/s END OF DEMNTIONS *

/**.***s*.*.** PF G STARTS "w~***~

55 1 TESTSOWIRCHECK DO.;
5, 2 IF TSTCIECK THEN /s IF ROM EMOSE EJA IS NOT PREMO, liE 86/2 TIMES

OUT 00 WILL READ U INTO THE ACMiNAATOR s/
5? 2 CALL. TEST; /*PERFORN 62 OW C*EM*/

56 2 END TESTSOAROECK

59 1 UINTOROGORE: DO FCREWR

68 2 INITIILJZ:
CALL. TIERISTART;

61 2 CALL STf#IMP;

062 2 CALL GREETING

t-3 2 CALL T)WY /s INSIAS "GETING" HAS BEEN COMPLEYED,'



PL" COMPLE I FEB79 PAR 3

64 2 CLL VOTES /8 SWITCH TO VOTRAX LINE I CHME TO 96e DU .

65 2 TAMTUSUSTE =CLOCKWUD +M).2 /* FOR T4Mv TEST 4/

66 2 0DO WHILE TRRINING- /8 WE WILL END WITH AN *ESC~E' FRUM CEA(E

67 3 IF TETI ILULE OR RIFLES SHO T THEN
68 3 "TON: 00; /4 EITHER A RIFLE SHOT OR A TWRET AIVAILE 8

69 4 IF YMMTMhLLE THEN
7 4 VON:EDO,
71 5 IF NOT TFLRB THEN
7? 5 "Dow:I 00; /s A MEW T~lGET MRS fPE~lRD V/
73 6 TMM$INE CLOCKSRMD;
74 6 mEIO IzI
75 6 TLRUIa
76 6 TLOM x~z
77 6 END NEWM
78 5 IF RIFLESOT THEN
79 5 GOODNOTA: COLL. ETIRFLOOATR
80 5 ENDQM)TSE

ELSE /s E THERE IS NO MET, BUT 0 SHOT INS FIRED S/
81 4 N($lW: 00;

82 5 CRtE. TL*EYTEST5
8 3 5 CALL ETSRIFLEUAT&-
84 5 END NOSTIPET,
85 4 EM) ACTON,

ELSE /8 ELSE THERE IS NEITHER A TARET NOR SHOT
86 3 NOSACTION: DOi

4 IF TFLAG THEN /8 THAT IS, TEPE WI A TWOET OiN LA5T PIElS8
88 4 TOOEDO;

83 5 TWSOG IMIE z OOO(SREAD;
98 5 TFLA = &

91 5 E0 TOKE;
92 4 IF NOT RERLSOOE THEN
9.- 4 WIISE: 0O;
A. 5 CMl TUJWEVTEST.; /8 WE WILL HOLD REIISGWE4 FOR ONE SECO~ND 8

95 5 IF TURFKEY THEN /8 WE SCO TR ET IrIIOPED9 ONLY IF RERLWOOE: 8

946 5 RECORDMW DO;
97 6 REALSOcI1;

6CL OU OSVIAILEDSTOSSHOOT.
9': 6 CALL SETS0ATA(. FJPSTSSHOT, 5, 1); /0 NEX(T 940T AT A TW'T WILL BE TIMED 8

Leo 6 OAL 9AOMSORST.
101 1 80 PECORSOlE;
104, 5 EN WRITSOE;
10.3 4 END NOVCTIONP
184 3 EI SESSIOE-

1*35 2 EW~ING

CALL PRESENTSRES&A IS;

C 106 2 CALI TXRDY,

It,' 2 OUTTACONTROL)JARTSKSET;

I W, 2 END IITWRG
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nfL-9 COWILER FS7

10 1 as IWIJINTUIOPIL,

COE F~I IZN9:2

YFIULE NSA~ SIZ OW Is
WIinM STAL six "m4

167 LINES IM
1 PRM EMC(S)

EN OF I- R" WILRTWON

-~ C-18



PtAI-N CILER -- IN 9 pNJT

OBJECT "IDA.E RAGE IN F111W. OBir COMPILER IIVWD BY: PUIW :Ft S1T. PRN IMF OM91 BAE (25 JUN 79)

WINTYECTOR

ISTSUPN4ODULE: 00i

2 1 BITQUNP: PROCEDURE DXTERIL /* IN CONSOLESWOULE .
3 2 END BITIWW;

4 1 DECLIE INTERRIT? LITERILY '13M0',
Cft.LSlT LITERkILY 'c314',

5 1 DECLK INTERRUTCWLI STRUCTURE (JUNW BMTE WERETO RORESS) AT (IN1EWUPT?)
DATA (CRLLSIT,. INTEPRLPTOROUTINE);

6 1 DECLORE LIT LITEUftLY 'LITEPN.LY',

REST82l LIT 'IS61',
EI11E59311 LIT '1ON',
PORT3 LIT 'OSN'.
PORT6 LIT 'SEI'

WOUP1 LIT '@M~'. /* 82, CONTROL. REF. PANE 3-68 OF "S2 HUR *
NOWI LIT '92W,. /s PORTS i A 2 IWJT, 3 WTFI ALL "ODES. PRE 4-l .
GROU LIT 'BEDN'. /. PAGE 3-680

MW LIT '00N, /* PORTS 4,5 A6 LL OUTUTS NOKEB*
USAORTSCONIROL LIT 'SEDN', /* PAG 3-48 */
UWSTRESET LIT **41'. /' INI3A. RESET. PAGE 3-43/
NMESSET LIT 'SCEHW, /S SETS 2 STOP BITS, 8 BITS, 16K PG 3-38,-41 9 4-48 *

/o USE *4 FOR I STOP BIT, 8 BIT WOD S 64X *
CWSWPI$MD LIT '27Wi /' SETS TMN9ITRECEIVER READY,

DATA TERMIWL. REOY, REQUEST TO SM. *
/0 SEE PAGE 3-43 RI SME 4 OF NDS MONITOR WOW PROM S/

? I DECLARE DECIIVIL(3 BYTE EXTftj
8 1 DECLR HISTORY(5) BYE PUBLIC, /0 1T4IS MILL

IDENTIFY WHICH RIFLE WI SNOT AT A PFRTICDA TW91DET
9 1 DECLARE SCORE(S STRUCTURE (MISS BYTE HIT BYTE. LON BWTE LOWIGT BYTE,

RIGHT BYTE, IGIMIGIT BYTE HIGH1 BMTE 191191 T BYTE,
LEFT BYTE. LOMSLEFT BYTE, ERRR BYTE, TUIVil BYTE,
TORETSIGORED BYTE) EXTERISJ

1o I DE0M (SIFLA TUIKE. FILE, TFLW3 NAM49E) BYTE EXTERWft
FIRSTSM4T(S) BYTE EMTRNAL,
9M1(S) SYRUCIESHOTS BYTM TINE"U URS9ETRNL

1. I DEMARE WR~IN BYT EXERWAJ' 12 1 DEOJLWIK LITERALLY 1W,4' /* REF PAGE .- IS0 g/

FORM0 LIYEWLY '40H1';
1.3 1 DECLR 006. LITERRI.LY '?M';

14 1 OECME CRLF LIT VSHJAPW.
Of (5) STROCTM (LETTER(9) BYTE" P9.LIC,0 BDATE (12) FMl PUSL IC.

C-19
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CO E 25 JUN79 PAGE 2

IDNMUER (7) BYTE PUBLIC,
PROMPT LIT '3EN',
WHEN (16) BYTE OMT(i5 'ITOD"5 A1?', CLF),

UIW$TID (21) On DO (2S, "UIT/SWT WR 1. 3', CALF), /* OIGED 6/25/7
/, TIMES FOR "FIST, "S.OW, ETC IN OFtA. PFLM WERE INCRASE *
/0 AT A. IR .L'S INSRUTIONS. A COW IS AL.O EIN W E
/* IN TIHE SIIARST" PROEDUE IN RIFLE. PL TO AVOID THE */
Is PROM WIEE ONLY FOUR RIFLES AE 9HOOTING ) RIFLE 15 IS */
/s THE WOST EMISE OF #J. THE TARGET INOREDS A THEE IS NO 0/

/s RIFLE 65 "MURSTIFLE" LIGHT. /

IENT (19) BYTE DATA (it. 'ERCISE MISER'," (N),
OWY (22) BYTE DATA (21 'WANT I1D9 YES OR NO. 'sCRLF),
TRAINEES (26) BYTE DATA (25, 'ENTER WIES OF TRRIEES',CRLF),
ONRIFLE (i) BYTE DATA (9, 'ON RIFLE '),
(X.I, J,K K) BYTE,
ID*LRG BYTE PIULIC;

15 1 TIVSET: PROCED EXTERIANJ
16 2 EBN TTYSSET; /s USED OLY IEN USWRT IS IN RESET CONDITION ,/,1

17 1 CIN- PROCEDIUE BYTE EXTERWAL;
18 2 Be CIN;

19 1 (OUT" PROCEDURE (ITEM) EXi ;A
26 2 DECLRE ITEM BVTE
21 2 EN O;
22 1 PORTSSET: PROCEDI E PUBLIC;
23 2 OlTPUTI UP.)R d t" /SET CONTROL WORD INTO GROUP 1 1'0 PORTS s/
24 2 OIT(us U2)4IcE):; /*SET CONTROL WO INTO OROIP 2 1/0 PORTS 4
25 2 E0 PORTISET;

26 1 PRINT: PROCEDURE(PTR) EXTEPNN.
27 2 DEOMAE PTR ADORESS;
Ax 2 END IRINT,

29 1 SETUIATR: PROCEDURE(POINTER LENGTH, VALE) PI.ULIC;
30 2 DECLE (POINTER, FINA.) ADDRESS,

(LENGTH VRLt SET BASED POINTER) BYTE;
;1 2 FIIL a POINTER + LENT - I
32 2 LOOP: DO WILE POINTER (a FINAj

*33 3 SET .VA.LE
34 3 POINTER a POINTERI; l
35 3 END LOOP;
36 2 EI SETtOATA-

I7 INTEMWUITRWTIIE: PROCEDRE INTERRUPT 7 EXTERNAL;
"8 2 END INMWIPTIOUTIIE

39 I LPIS1RE: PROCE U EXTERMA9
40 2 IMD UPISI iT

I 42 2 O3U1PUT(PORT0),,fII /4 TEL I-41 TO 511U.LTE RIFLE DAA ..
II43 2 CIL. UPIS"1!!

~~C-2-0 -
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41 W MTLP ITOEMME ___C

4? CLSTETIOR SIME 65,C)

46 2 CALL SETAM. HISTORY. 5S6);
49 2 OILL STOATA FIRSTS9$OT 5,1);
58 2 OILL SET TR. SPEED, 15, 6);
51 2 OILL STSOTU ICIWt. 3, 4);
52 2 Ro
53 2 lUIN a 1
54 2 WIU a
55 2 94TNlms
56 2 FILE a 4; A0 IUOMOT FIRST INCREENS FILL NODS (DIVIDES) BY 5,

1. E 5/5-1 WITH REMAINDER z S. NON RIFLEFILE+1.
90 WE START WITH RIFLE f I 0/

57 2 EMUM a t /s TAGT HRS NOT BEEN AVILALE FOR OME I SEC/

58 2 CMI PORT$SET

59 2 OUUTM(POffT3) - NOT RESETVM;i /0 MILL amCLERl.L 821 DATA
LRTCIE FOLLOWING STROBE 0/

66 2 OUTPIJT(PORT6) - EMLE931i, Is THE LEMING EDGE OF THE STROBE 0

61 2 WUTP~f(PORT6) a &/0 THE TRAILING EDG.E

62 2 00 X a 9TO iI /* CLERRS TE XFF ONTOMMES/
63 3 OJTPIJT(POMT) 2 NOT XK RN IFI
64 3 OUTMU(PORT6) = ElNLE93IL
65 3 CtPT(PORT6) - 0;
66 3 soI;

6? 2 DISOML
66 2 CALL TTV$SE7

69 2 SETINT: OU1PUT(ADICN)z(LON(IN1lERMP) IND KEIN) 4IFMi
76 2 OUTUT(M1012)111S(INTIPT)h
71 2 OUTlM (ADIOQ2)'OfP A0 NAM Mi. BUT INTEMPT 7 S/

4 /s WE NON O3TAIN IDENTIFICATION MRT FOP TIE SESSION. IF EEDD/

72 2 CFIL WUIT(ON); /S CR $/
73 2 CALL CVIT(O. /0 LF */
74 2 CALL COMMUI;

75 2 CALL PRINTC UINTSID);
76 2 CALL OMMT;O
77 2 CALL PRINT(. MERY).C 78 2 CALL OUTPUT (PRUMPT);
79 2 XmCIb
00 2 NSTYPE a X; SAV.E INUT FOR IDENTIFICRTION OF CONTROL T o/

81 2 QUL OUT(X)

C-21 I
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82 2 CmLaCUT(UN)k
83 2 Cm.L cuTMMO)i As CRLF s/
94 2 IWFLR4. /sOMM FOR&D PRINTUTAT BIDOF sESSION s/

85 2 IF X a I' TM
*' 6 2 (ET$ID' MO;

8? 3 INPlR641;

68 3 OAIRM CALL SETSOTA(8OML12 IN); A C2ES OTE" S/

89 3 CLL PRINK( MM;
9N 3 CLL CWJPIT);

91 3 DT()1~

92 3 GETUATE
0O 14l TO 9;

93 4 )Il b
94 4 IF MM TM Im9;
96 4 CALL COJT(XM;
97 4 Dff()zxX )
98 4 00 GETOM-l

99 3 CaFi. OMMOOw);
too 3 DRE() a Ob /* LF s/

11 3 CLi CMIT(M);

162 3 CLL sEreTSO . IDUNEL ?, SO; /S FILLS 0I0 MUUE WI1TH CR 0

103 3 ClL. PRINK( ICENT);
164 3 CLi OIITPRO);

105 3 CLL SITOWI; /s WANl OIT UWMT IraU hIfER V

196 3 IWWJUR(0)6;

167 3 GETINUUER:DO I-1TO 4; A A 4 KM ID /
1in 4 XMCIN;
109 4 IF X404 THEJI*4
lit 4 CtLi COMM(X;
112 4 IJIP(DZX
113 4 END GETSI0$MM-

114 3 CLL MONUl);
115 ? IIl)M (6)41
116 3 c&L caff6SO;

117 3 CLi SETIDATR. NML 45, ON); /0 FILLS Ni NO. IX WITH CP *I

118 3 CUi PRINT MIIEES);

119 3 GETONAS:

00 144 0 4i AFOR FIVE MEESo)

* 129 4 MLi PRIM7 WUMRIFLE),
12 4 CLL CMlflsmD1

C-22



7;k(O 25- M7IME 5

12 4 CaI. COWr Oft
IN12 4 CALL COuTMewl)5

125 4 CfLL ITOM;

126 4 mE(I). LETTE(S);

12? 4 SNEM:
DO 128 DOuTO 6 /* amSBNES tTO 6LETES LON8*

131 5 NE(I. LEIU(J)
1i2 5 CLL rmIDWx
133 5 BIS OIEMME
134 4 CF.L WON);UH/4 CR .
13 4 NME(I. LETTR():W a Wk A J/
13M 4 CI.L Clii (WI);
137 4 END ETOWES
in13 3 0 BET$ID;

13D 2 IF PWWaC1ULT TEN
146 2 (AL SI9UAflTRIFLES,

141 2 ED SMTM
142 t Ba) STUOIKSL

RULNE INF(JMTION:

CODE MRA SIZE a IMF OW1
VAIOLE Na SIZE a~ IM 82
htIMM~a SMA SIZE x OWl *
248 LINES ME
$I PRM6 R(S)

EDOF R" PL-S ILATION

0 C-23



PTL-U- C9LE aOCTft AE

ISIS-I I RAO-*6 VII WILIJ1ON OF MULE TINEINOU
OECT NOU fM IN :FI:TIER OJ
COPI.I IWOWE BY: PUM :FlTlit FLA EM I1F DATE (23 OCT 78)

TIERINOWIJ : 00;

/0 THIS MILE SETS THE 8253 M IES AW RM REGISTERS. NOTE THIT fAL
TOM 6253 O1TlES JS E HIGH! ALL PAIGE REFERENCES FE TO THE 88/2
NMENCE ER.L WS317C 0/

2 1 DEC.AR LIT LITERALY 'LITERALLY',
COUNIM LIT "C ', COUNTERI LIT 'SO',
COUT112 LIT '400', CONTROL LIT 'IFH', /0 SEE PAE 2-7 0/

3 1 WME OIIM0E LIT '34H', /s2 BYTES, MOVE 7Fl 3-76 */
OI1MELIT '74H', /* 2BYT E NOE 2./
CNIR2HOSE LIT '66M'; /0 2 BYTES, W0VE 3 0/

I/YHE FOLLOMING 2-BTE WORDS AE THE *W RATE FACTORS" TABLE 4-34 P 4-48 0/

4 1 DECLE LOW LIT '9', / CtE PERIOD IS 5 HILLESECO-DS /
HIGS LIT "t.4',
LOA LIT 'FH', /0 CNT I PERIOD IS 5 ImTES V
HIM LIT 'ERN', /s a 5lIN 6 (SECW IN) / 8W SEC -1 IN IEX 0/

1*00STUP FOR 30 M .... ;:-

L(W LIT 'SEW, /* CSMIER 2 FMElCY IS 4. 8 K. C /
HI]H2 LIT '66', /s SEE FAIE 3-38, AND NOTE TT THE 25 IS SET FOR tX V

L0OTIRR LI '67M',
HIQHVY0TWRX LIT '8N'; /4 SETS OTK OUTPUT TO 96 M /

5 1 DEC ETIIESLATCH LIT '4M', / A CUTER I LTCH PAGE 3-94 ./
(LS$TItEMYTEOM 16IIE )fTE) fE KELIC;

6 1 IEAOJl TIME OISS PI3LIC;
7 1 DEC.LR LOWTIIHERYE BTE AT ( TIME), HIOIWTIMESBTE BYTE AT ( TIME D i),

S 1 TINEIRTART: FRCElEI PLIC;
9 2 OUF'UT(CONTROL)aCITR HNDE; /* SET COUNTERS 8 & t lOES 0/ - -

16 2 OUT IT(CONTROL)mCNTRIOWE;
11 2 OUTIUT(CUNTER0)=L.D; /s INITIALIZE CUTERS /
12 2 0wUIf(CmVIMT )4IGsH ;
13 2 UTlT(CO~lT )LC1j
14 2 OU1FUT( COMER)4IISI;
15 2 El TIIIRSI 5T ;

16 1 T$TItER FROcEIE PIALIC,
17 2 OIIPU(.OmhUL).omT2olE
18 2 OUTPUT(CUR2T ).2 /* 01 FOR 30 M
19 2 OGFUTvr(aoITER2) .
2x 2 BeS TWINER;

21 1 VOI!RATI FAODROMM PUBLIC; /s SET VOTIAK TO 4W 88W
22 2 OUTPUT(CEOL cN1t E;
23 2 OUfT1(CNW)L0NYD1 011
24 2 mJITUT(CSOMIER21801000IP OT
25 2 EN VOIRWAN I

C-24



A1-86 COWILER

26 1 COO: PUM SOMS PWLIC; /s OETS IE CWWTEIS OF COMPIE I e
2? 2 5wV(Cmi1w)uITRTOC

t ' 28 2 LOSITIISEatIWmff(cSPTER)i
29 2 HIOlSTIEWTM1WU(CM3TER);

- 1 2 2 NETM TIME

312 ENDOJCKMj

32 1 EN TIIENMOSII

WCOEL INFOWION:

COD Y FML SI U~ w s
voIaf MT SIX a amgi *

* 59 LM11S
I PWM EWR(S)

END OF PLA"- cEWMTICU
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PL1."- COMPILER 25p

ISIS-11 FLAI-00 V3.1 (DPILATICN OF MU RIFLBSTNWPU1L
OBJECT MUJLE PLACE IN :FI:RIFLE. CBJ
COILER INVMKE BY: PUU :FlRIFLE PIN 1* OW MRE (25 JIM ?9)

I RIFENOATUIOILE:M~

/s INcLI3ES VAIOUS PROCEIDI FOR RIFLE ORTA 1/0 '

2 1 DEMME I E SIM.

3 1 COUT: PFAE (lIEN) DauEm;
4 2 DEMMWE ITON BYTE,
5 2 EN CMTi

6 1 SC(IRIT: PROCEDtlE(96O1OCRTION, FILE);
7 2 DEME (SHOTtOATICN. FILE) BMTE
8 2 ODDER(FILE). J(SHOTIOCATION)mCER(F1LE). J, SNOTLOTICN)+L,
9 2 01) SOORIT;

/4 TRANSL1~ATES 9J1)WE DATA INTO SHOT POSI!ON. NOTE THAT
EM RE REWATED A HISS TV.~ A *M101TLOW* OR A OLET-RIGHT )
WHICH 9W.P NEVER OD is A miss TO scow AS ERRORS OUNm THE

ANDS1 THIRD S CF CIECO INTO Otle*
Is I DEMLME DEC2UE(16) BYTE DT(2,4,36.54.89,.24.8.6.i). -

uI I CLOO(UEAD PROIEDE ADDESS OCTERILi
12 2 END OCK15t;

13 1 SETSDATA: PROCENKl(PTR~LENMT.VIJUE) EXTRNA;
14 2 DECLARE (LENGTH. VRSIEBY PT ADDREUSS
t5 2 8 EI TgSATA;

16 1 DEMME FIRSTSSM(S) BTE PILIC;
17 1 DCLARE LIT LITERALLY 'LITEALLY',

NISMN LIT 'KN'. LOISND LIT 'V,. RIONTID LIT '2' LEFTWD LIT '3'.
911TU LIT '4', MISS$W LIT '5', NOW LIT '6'. TFEETN LIT ',
SOLDIERN LIT '5'. YOM3 LIT '9'. AfD LIT 15M )
WOUND) LIT 'ON', MAINEl1 LIT '609'. 8EIW LIT 'ONW.
AVAILMIEI LIT '32', PUOZESD LIT IFNI,
PORTI LIT '149'. /s MEC ?-a6 CF W0 ANNA *

PORT? LIT '6114'.
PORT3 LIT '1164',
PORT4 LIT '@EO,1,
PORT6 LIT '6154'.
ENElLEl LIT '169';

to 1 DEMCCO.UTERT LIT IESH'; /*INITIAL VRLUF5 IN CNNIE/
19 1 DEMME HISTOR(5) BYTE DMOERf
2a I DEMME (TEYV TFLAG) BYT EXENL
21 t DEMME SCOPE(S) STWICTMISS IMTE HIT BYTE, LOW BYTE. LOMSRIONT BYTE,

RIGHT BYTE HIGHIRIGHT BYTE HIGH BMTE 9116451EFT BYTE.
LEFT BYTE. LOKW2T SIMTEMU14 BYTE, AM.P RYTE,
TGPESINORED BYTE) PIDLIC;

/o WE WILL USE1 U0 TO COIUT TOTAL 91mT S/
22 1 DEMIME ADDER(S) STSICTI (U ) 11ME) PAIIC AT S (W);
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23 1 DECLP SPEW) STWWJ(SHOTS MYL TINES" flDWSS) PIDIC;
24 1 DEMME TOT.LSTIE AWESS;
25 1 DEM.ME DELNTI SUESS P9ULIC,

26 1 ECLK (FILL, RIFLE, FPIR) BYTE PUBLIC;
2? 1 DEMME 901TIRR BYTE PWLICI
28 £ DEMME TIETST1NE NUM MU4EXE3L

29 1 DEM RIFLESID BYTED
I$ I OMO CRI$SSI LIT 161 1

4- 31 1 LPIST9 FROMM KKC
32 2 WIMV(PORI3) =CRT$STROBL

* 33 2 OUTPIJT(POMT) L S
34 2 ENPI$SSRU

35 1 WGRETW,'ILME: FROCRE BYTE PWLIC /0 GIVES "TR11 IF TNWT PRSENT .
36 2 DEMME TUNET BYTE;
3? 2 TMWT=INPUT(PORT2)i
38 2 REIWI TUGET; /0 FORT 2 BIT WUSER S WILL BE HIGH IF TARGET PRESENT 0/

*39 2 END WGRETWRILAILE

46 1 RIFLESSHOr: FPOCUE E BYT PUBLIC; /s RETM3 'TR'E* IF SHOT FIRE;-
41 2 9IDTOLRGINFUT(PORTI); /s 09IAOLR IS TINE WHEN SHOT FlED 9

42 2 KUMN 9TWr6.-
43 2 EJS RlFLESSHO;

44 1 GETRIFLESCAT: FROMMW PWIIC;
45 2 OEMCLE 9OTIOA BMTE
46 2 USOLVEDO: 00 MSILE SIOTILb%:DIT(PQRTl)i
4? 3 SHOTOT"; /s NMDE TO OWTE FOLLOWING *hIOITO ROffTINE
4 3 WHOSSOT- 00 NWILE NOT SNDOUTA
49 4 FILE a (FILE*1) NO S. /s FILE ICONTAINSRIFLE NISE i ORM

FILE I =) RIFLE 62 ETC, 9/

56 4 RIFLE*ILE.l, /9FILEl IS INTILIED ONLY MU THUJS
WE START OICKIWS WEE F WT FF

51 4 9OTAT9SH(SOTWLR RIFLE);
52 4 60 NISSOT; /s "IFLE' WAS SHOOTING RIFLE KIME 9

53 3 RIFLESID a NORRIFLE, 3); /0 GET RIFLE 10 INTO HIGH ORDER BITS 9

54 3 IF NOTI1.NIYTEN
55 3 Do0;
56 4 IF FIRSTSDT(FILE) THEN
5? 4 NONUJIO( of
58 5 IF T9PWIEST INE )- COCE)Af THEN
59 5 DELTAITINE a TORETST Iff - OOWNERD

amf(66 5 CELTASTINE a CUINT T 14* TAETSTINE - COSED
61 5 SPEED(FILE). TINSLPME(FILE). TINEM. + ELTfWTIff.
62 5 SPEED(FILE). 9401S x 9FED(FILE). 94015 + I.
63 5 FIRSTS9IOTFILE)t9

64 5 ED HNIJIK,
65 4 ED,

(J 66 3 HISTENY(FILE) a i,

6? 3 (JUTPUT(PURT3)mW RIFLE 1140 UN; /0 SETS 9311 ADW -S O 4'SI LINE I RIFLE *O66 3 OUIPUT(POPT6) s OLE1, /9 LATCHES 910TWSTR FOP RIFLE ONTO KKS 0/

C-27
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a 3 SORTRIMUT(FR0T2); A REW I SOn S/

?o 3 'JMOT(U a6)& /s TnM ASM I RIFLE HIG M DM SM 1FONMSf5/

71 3 OUTUT(PeRT)4101( OR RIFLE) W. OM* /A WREM 9311 /GOT WNA RIFLE 0/
72 3 WTFUT(PCRTO a EIJt
73 3 MOUTUTPRT6) a

74 3 OU. COUT(OFFN); A9 GJTPWJ **No MSE TO VO~f'X *

75 3 CALL. OUT(II+ FILE); /* RIFLE fDDRESM

76 3 IF (NOT flNIY) W. TFLA THEN
77 3 CKOATA- DO, A9 NO IN NEW SOWl MMT MMIE FOR PORT 2 THAT

SIT iz LOW 1 BI 2 =R191T
BIT 3 rH!4. BIT 4 LEFT s/

78 4 CALL SCCRIT(ESSAE4ECCE(S9-MMOTRI) M. UF),FILE);

79 4 OUTtfU(PRT6) x NOTRIRE$D+ IESg ) U LIIWW;
90 4 CALL WPIS E;)

b81 4 0ORCE~E:10 C:IS HESSAGE
82 5 CAl OUTCHISSINO);
83 5 CALL COJT(MINTU
84 5 CALL C OUT(LSIU.);
05 5 Do;
86 6 CALL COWT(LOWSN);
87 6 CIL COU(RINT$M);
88 6 ED
8q 5 CFLL COUT(RINTO);
98 5 DO0;
91 6 CFLL COUTCHIGIWN);
92 6 CALL CWTf(RIGHTUI);
93 6 80;
94 5 CALL CCUT(HIGHSN)D
95 5 MO
9% 6 CALL COUT(HISWN);
97 6 COLL CCOflLEFTU.);
98 6 so
"4 5 CALL. CCUTLEFTM);

lee 5 DO0;
01 6 MII cSJ(LUUNO);

102 6 CAL CSIT(LEFTO);
103 6 ED
184 5 EN IWMOT~tUSMI.
05 4 END CKIMTA

106 3 IF TOD TEN
107 3 M0
188 4 TUROEWMTA SCOME(FILE). TO~ EY uSDINE(FILE). ANREY4I,
169 4 OUTPRT6) z NST(RIFLECI, # WN) US UlflUSl-
I1i 4 CLL UPISMUE Is NS TINC TO CONOL CRT S/
111 4 CI.L MCOTN );
112 4 CLL COUT(METUN); C-28



4 113 4 END;

114 3 IF (NOT TFRG) AND (NT flUME) 110N
tip 15 3 Do,

116 4 SCCE(ILE). HISS 5(M(FILE). HISS + £
117 4 OUIFU(PORT6) -NOT(RIFLESID4 *04) S 1119±11;
118 4 CFaL UPISSTROB; /. SENDS MIS5, LATEd NESSAE TO CONOLE CRT */
L 19 4 CALL COUT(HlSSSN);

121 3 CALL. CIUT(EFF); /s YOTA SIG4-OFF S/

12 3 END U11ESMYED;
123 2 END OTSRIFLESMAT

124 1 140$AIL[DOMMOO FROCEMIE FWBLIC
125 2 DO FPTR46TO 4;
126 3 RIFLESID xRO(FPTR1,3).
127 3 IF HISTORY(FPTR)@ THEN
In8 3 DO;
129 4 SCORE(FPTR) WTSI~WRD=SCORE(FPTR). T0SIIM)I;
1-4 4 OJ1FUT(PORT6) a NOT(RIFLESID 4 SCH) fIt III1IM
131 4 CALL UIJSTRwL /* SENDS 104(11 low~ TO CmS~ CR1Ts
131 4 CALL COUT(UO; Is VOTRIC OINT' SU V
133 4 CALL MICMh!S + FPTR); /* M)RESS RIFLE NOT SW0ING *

*134 4 CALL COIJT(VOWW);
135 4 CALL COUT(FROZEAD)
136 4 CALL COU(UF); /* END OF lIITRA( NESSMG ~
137 4 END;
138 3 EN),
139 2 CALL SET$OATA(. HISTORY, 5, );
14@ 2 END WHOSFAILEDST(OOMT;

* 141 1 SI4OAORST- PROCEDRE PUBLIC;
142 2 DECLAE BADM BMTE
14? 2 DECLARE BADS"1(5) BMT
144 2 HM DO FPRr9TO 4i
145 3 SVM)11(FPTR) z 9
141, 3 IF SPEEDFPTR). SHOTS@ THEN /' RYODS 6MORT-9OOTE IF No RIFLE AT FPIR *
14 7 3 ISSIEMS(FPTR) x SCORE(FPTR) MISS + SMO(FTh. VAlY

SCORE(FPTP) T04(1TSIGNORED;
148 3 END t4OMIS;
149 2 mosma OD1i
t 5e 2 RIFLE --1;
151 2 HTMORST DO FPTR = 0TO3;
152 3 IF WOP(FPTR+1) - BDO#EWS(RIFLE-1) THEN

4, 153 3 OR41M = MOM ROR PX(8H, (FPT 42));
J%4 3 IF BFDSNBKS(FPTR+1) > SNEW6(RIFLE-1) lIDR
155 3 DO;
156, 4 RIFLE =FPTR +2i
157 4 BADVORD a(9IIOM AWl 0) OR ROL(NSIRIFLE);
158 4 END;C 159 3 END IITORST; RIFLE HAS WtUE OF MOS1 90DOER V

*11)0 2 (NJTPIJT(PORT4) a SNOINORD;
M~ 2 OSD SI4ONSORSTi

O 162 1 END) RIFLESOAASDUqLE,
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PL-s COwwI~f ?T" 79 "ai 1-s

Kau. IWmmTIGN:

CODE ~FM SIZE 37MM 9ArD
VWIfLE FM SIX a OW3 10
MINXI STRC SIZE a OM 4D)
M2 LINES REM
0 PRO ECR(S)

END OF KAI-9S COMPILATION
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ISIS-1l PL"I-8S V3. i CONILATION OF MODULE CONSOLEMOOULE
OBJECT NODLE PLACED IN :FI:CtN6I.. ODJ
COPILERt IWVOKED BY: PI :FICONSOL. Pt.N I 90B I F DATE (12 OCT 78)

I CONSOLEflODULE: DO;
/* THIS IOIJBE CONTAINS CONSOLE 1/0 ROUTINES .i

2 1 DECLARE USTWIATA LITERALY 'OECH', /s PAIE 3-48 OF W29 RWNR A /
USRRTT"TATUS LITERALLY '6DM', /. P611 3-44 *1
ESC LITERALLY 'IB', /s ASCII- "ESCAPE" i
NRSK LITERALLY '?FH',

ZERO LITELY '38H',
CR LITERALLY '6CM', LF LITERA.LY 61i',
EB.Eg3i1 LITERALLY 'lll',
PORT3 LITERALLY '06H',
PORT6 LITERALLY '6El4',
TTYSLINE LITERALLY '6ON',
YOTR1S.INE LITERLLY '99H',
USARTSCJNTROL LITERLLY '6OEDH,

/.*"**THE SILENT 79 15 HERETER DEFINED AS A TTV . ... /
TTVSNODE LITERALLY '4EH', /* I STOP BITS, 8 BIT, 16X, P. 3-38.41,4-48 ./
VOTIOM LITERALLY "49', /1 DITTO EXCEPT I STOP BIT */
USRTSCOIM) LITERALLY '2714', /0 DATA TERIqIIL PEADY, ETC ,/
USARTSRESET LITERALLY '46H',
HELLO (18) BYTE DATA (17, CRLFLFLF, 'LET"S START'. CR, LF);

3 1 DEICLARE DECINRL(3) BYTE EXTEBA.I
4 1 DEILARE (I,Y,605) BYTEi

5 1 TTYSTIER: P0POEDCE EXTERINAL
6 2 END;

7 I YOTRWSCTI1ER: PROCEDURE EXTERNAL;
8 2 END;

9 1 TTY$SET: PROCEDURE PIBLIC
Id 2 OUTPUT(PORT) a TTYLINEi /s WILL DIRECT .ISAT LTPIT TO TTY o/
It 2 OUTPUT(PORT6) = ENABLES931;
12 2 OJPUT(PORT6) = 0;

13 2 CALL TTYSTIIER; /* SETS UP FOR 11B &V*/

14 2 OUTPUT(SMT$NTRKOM ) = TYPN
15 2 OUTPUT(USTCONTROL) = 1, TCONIm;
16 2 END TTYS"T;

1 1 TTRES: PROCEDURE PURLIC; /s TTY REST */
18 2 OUTPUT(UWTWCONTROL) = USRTSRESET;
19 2 CALL TTY$SET;
2 2 EDD TTVES;

L 21 1 YOTRfY:SET PROCEDUPE PULIC;
22 2 OUTPUT(USARTSCONTROL) YOTMXM' ;
23 2 0TT"5TOT L' USRINOWWI ;
24 2 END YOTNRS5ET;
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25 1 VRES: PROCE PULIC; /* VM ESS /

26 2 0UIPUT(USMtSCNTROL) a ISARTSRET;
2? 2 OlluT(01T3) VOflLINE,
28 2 OUTPUT(P3T6TO -EWS.LE$31i;
29 2 OUTPUT(PORTO 6 0.

30 2 C(LL VOTRWTIIER
31 2 CILL VOTll $T;

32 2 Be VOTIMS

33 1 CIN: PROCEDURE YTE PULIC; /s GETS A WVE FUI 1HE COILE 0/

34 2 MMU : DO WILE NOT (HINPUT(USMST1U) 1); /s 1. E 111L iE J BFFER
Is NOT REM ./

35 3 EN lX DY
36 2 RETUN I N IIUT(UWART Am);
37 2 EN CIN1

38 1 MYW: PROCEDR PUBLIC
39 2 DO WILE NOT 94(INUT(U-RTSSTATIS),2);
483 ENI
41 2 ENDTMY;

42 1 COUT: PROCEDURE (ITEM) PULIC /0 OUTPUTS "ITFM /

43 2 DECL E ITER BYM
44 2 DO WILE NOT(INfUT(US T$STATIJS));
45 3 END;
46 2 OUTPUT(UWARTSDATA)=ITO
47 2 END IOUT;

48 1 BITIi PROCEDRE PUBLIC;
49 2 y 2 INPUT(USATSDATA); / "Y HERE IS A BIT-CKET /
50 2 END BITOMti9;

51 1 PRMNTM : PROCEDURE PUBLIC;
52 2 0
53 2 DO Ic@ TO 2,
54 3 IF (YDECIL(I)) 0 ZERO THEN
55 3 GOSil,
56 3 IF GOS THEN LtL COJT(M)
58 3 i
59 2 CR.L COUT(CR);
68 2 CFLL COUT(LF);
61 2 FN MIT"U

62 1 PRINT: PROCEDUE(POINTER) PUBLIC;
63 2 DECLM (POINTER, FIlL) FOORESS,

Cow BA POINTER sm.
64 2 FINKL-POINTERMf /0 FIRST ON IS OCIACTER CT W
65 2 LOOP: I HILE POINTER < FIWMI
66 3 POINTERMINTER+.
67 3 DU COUT(CHRR);
68 3 ENO LOOP;
69 2 END PRINT;

70 1 OREETIN: PROCEDRE PULIC;
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71 2 MIL FRt(. IELLO);
72 2 CF.L BITOcW;
73 2 BML
74 2 ENDW4IETIN

75 1 END cWLENORL

M!)IALE IIEQTION:

ME FM SIZE i KUN 2710
MVIMLE FM SIZE a O
IRIIM STACK SIZE a O4W 40

115 LINES EM
S PROUNI ER"(S)

END OF PLA/9-8 COMPILATION

QC-33

... . .4 , e . ' ..*-.,..1



ISIS-I1 PL"I6 V3. 1 CSPILRTIGN OF UL.E MESUT911U
OBJECT WNLE PLAC IN Sl E9.T UBJ
COMP~ILER IW4KED BY: PLl :Fl:NESUT. PLUt OEM WSTE (3 OCT 78)

1 RMLSWLE: D0

2 1 TTRS PUIEl EXTEMA.
3 2 Be TIVRS;

4 1 cOOITE: PRO(EMME EXTEMMU
5 2 END 1%II

6 1 comeff: PROCEDURE MDR.,A
? 2 END CO~HENT;

8 1 COUT: PROCEDRE MLR) EXTEIL
9 2 DEcIRELTRBYTE;

10 2 ENDCOUT;

11 1 PRINT: FROCEDURE (POINTER) EXTEA.;
12 2 DEMME POINTER MOESS;
13 2 E0 PRINT.

14 1 PRIETMM: PROCEDWE EXTERA.J
15 2 80PRNITIIR

Si~ KM (Ra IFLE, FILE) wiM BMW;~.
17 1 DECLR CR LITE.LY 'ONH', IF LITSKLY 'IIM';
18 1 DEMME SCORE (5) STRUCTK(ISS BMI HIT BYE, LOW BYTE, LOIRIGHT BYTE,

RIGHT BYTE, HIGMSIGHT BMI HION SYTE HIGHILET BYTE,
LEFT BYTE LOfh.EFT SI U BYTE, TUSEY BYTE9
TUPTISINM 9YT) EXTEIAL

19 1 DECLR DECIM(3 BYTE PUBLIC;
29 1 DECLK (IZ) BYTE,

(91SMSHTS, tEIMfISfES) IBYTE PUBLIC,

21 1 DECM FODER(5 STRCTIKR3(13) BYTE) EXTEA..
22 1 DECLK ME (5) STRUCTIE(90DTS BYTE TIESU AONSS) EXERM
23 1 DECLARE AMSINE AOES PUBLIC;

24 1 COfWRT: POEUEE)
25 2 OECLCIEX BYT
26 2 DO 1-0TO2,
27 3 OECIWL(2-I)s E MO 19~W + 3%~
28 HE jJa MEX 1 6
29 3 END;
30 2 00 OT;

31 I (1EQ.VE RIFLEOID(S) BYTE OATA?, 'RIFLE ')

32 1 DECLRE TOT LSMIS(14) IMT 1AW (13 'TOTS. 9WOS.
33 1 DEMARE RIFLESHIT(? BYTE DNA6. '*HITS:')
34 1 OEO.K RIFLEMISS(9 BYTE DATWN(S. fES ')

35 1 DECLARE RIFLEION(7) BYTE DATA(6.LONS: ');
36 1 KOCME RIFLEOLONIGHT (13) BYTE DATN12. 'IB RIGMT )
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p 37 1 DECL.R RIFLERIGT(9) BYTE DATA(8, 'RI(*4TS: ');

38 1 DECLARE RIF.EVI(WRIGHT(14' BYTE DATA 3, 'HIGH RIGHTS: ')
39 1 DECLARE RIFLEHIGH(8) BYTE DATA(?, 'HIS: ');
0 1 DECLARE RIFLESHI AHSEFT(13) BYTE DATA02, 'HIGH LEFTS- ;
41 1 DECLARE RIFLESLET(S) BYTE DATA(?,'LEFTS: ');
42 1 DECLARE RIF.ESLO.EFT(1.2) BYTE DATA(It, 'LO LEFTS ")i
43 1 DECLARE RIFLE$URKEY(12) BYTE ATA(1., 'NO TRGET: );

61 44 1 OECLARE RIFLESTMET $I E(18) BYTE DATA(W, 'TOETS OIRED: ').
45 1 DECLRE URIM(3 BYTE CTA(,CRLF);
46 1 DECLARE HONWWS TS(18) BYTE DTA(17, 'TARGETS 9101 AT: ');
47 1 DECLARE IERGESTIE(15) BYTE VATA(14,'IRMEM TIME: ')i
48 1 DECLAE UNITS(S) BYTE OTA(7,"ECM );
49 1 OECLARE YRSSO (18) BYTE DATA (17, 'YOUR RESULTS ARE:');

o58 1 DECL.R IE() STM1J(LETTER(9) BYTE) EXTE..,
DRTE (11) BYTE EXTEWIA,
IDUJUEP (6) BYTE ETENIL,
IDSFLAG BYTE EXTERNAL,

51 1 PIESENTESULTS- PPOCEDPUI ILIC;

52 2 DISABLE;

53 2 CALL TTYRES; /* RESET FOP TTY OUTPUT SEE CONSOL MODULE */

54 2 CALL PRINT( BILANK)
55 2 CALL PRINT( LMtK);

56 2 IF IJSFLAG THEN DO;
58 3 CAL PRINT( DATE);
59 3 CALL PRINT( IDtou.ffB'
60 3 END;~

61 2 CALL PRINT( EA);

62 2 CALL PRINT(. SLAW),

63 2 ONESPIFLESRESULTS: DO RIFLE--, TO 5;

64 3 IF SPEED(RIFLE-0' SHOTS ,"> 0 THEN
65 3 TYPESIT: DO;

6. 4 CALL PRINT( BLA F);

67 4 CFIL PRINT(. RIFLESID ,
4 CALL COUT(RIFLE+3@H);

S69 4 CALL PRINT( BLW),
' 4 CALL PRINT( A K.);

71 4 IF I)SFLAG THEN
7?l 4 CALL PRINT( NIE(RIFLE-1)),
7; 4 CALL PRINT( YOURS(C.';

74 4 CALL PRINT( BiAN1);
75 4 CALL PRINT(.LAW),

76 4 FILE4IFLE-Ii
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fltWWLWILk JUI - Tf I

77 4 CFL PRINT(. TOO S)N
78 4 SIg l it
79 4 gP: 00 24@TOii;
0 WO -~s~r gSWWos + ACER(ILE). A(Z;
81 5 END9A

02 4 N MSE
83 4 9UN: 00Z -2 To9;

84 5 #EMM~f1~ 2 IEMB ISSES 4 OWE(FII.E). ADZ;
85 5 00 9m.

86 4 CN.L CWffTU9S9S );
87 4 CLL PENR

W 4 CKL PRINK(.RIFLESHIT)i
89 4 CFLL CSsT(SME(FILE). MIT)i
96 4 CN.L PR4TPL

91 4 CFtt. PRIIET( RIFLESMISS);
92 4 MILL CCIMR(SCCR(FILE). MISS);
93 4 CF&L P'RNMR

94 4 CFLL PRINT(. RIFL.ELCW),. ;
95 4 Ct. CWMT(SCORE(FILE). LOW);
%6 4 CLPRNTIIM

97 4 CALL PRINT( RIFLESLSURIhUT);
98 4 RI C(MWRT(SCORE(FILE). LOMRIGND.;
99 4 CRLL PENTMA

lee4 4 C&LL PP!NT( R!FL[SPIQHT)
twi 4 CALL COMYTSCOEFILE) RIGHT);
1(42 4 CALL PfNm;

10' 4 CA~LL PRINT(. RIRLES4GWIGHT);
104 4 OLL COM'T(SCORE(FILE). HIGHSISI);
Itf- 4 DU. PRNTNM,

iL~ 4 CALL PPJNV. RJFLESHIE3H);
1017' 4 CFIL CCNWT(SCORE(FILE) HIGH);
W. 4 CAL PRUTRIH

L Q 4 CRLL PRlNT(.RIFLESHIOWEFT).
.10 4 CALL CCNWR(SCORE(F ILE). H1GI$8LET)
:11 4 OIL PRKMTWKP

L'4 CALL PRINTI RIFLESLEFT);

14 4 CAL.L PT? IN

I' 4 CALL PRINT' RIFLESLOWLEFT)i
16 4 CAL.L M'NVRT(S-qM(FILE). LOMSLEFY),
1? 4 aIL PKH

1h 4 OIL PRINT( RIFLEOLW~Y);
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U 19 4 COL CMAI(9=(FLE). TOMEY
In 4 CALL PFTW6M.

M. 4 cML PRINT(. ILYM $rn8)
In12 4 CAL CWT(RSOM(FILE). TfUETIGNED);
123 4 CftL PUTMR

124 4 CALL PRINK(.HCNSWffhOTS';
125 4 CALL COMT(SEEC(FILE). 910TS);
126 4 CALL PUITUJNI

12? 4 CALL PRINT(. AEWTIME);
128 4 IF QZVSEED(FILE). 9IDTS)x4 TME Zai
130 4 AMSIME it (9EED(FILE). TJPE$9"v2)/Z;

k. 131 4 CILL CONMT(LCNWfA3TIME))
132 4 IF(Z:mDECIIA.(0)) 0 38H THN CALL CJTMZ;
134 4 atiL COIT(DECILA1);
135 4 CFLL COJT(2EN); /s A PERIOD) OR DECIPML POINT 0

136i 4 CALL CuWr(DECIIA.2));
137 4 CALL COJT(20SO;
138 4 CALL PRINK( WIlTS);
139 4 COLL CW1I(CR);
14 4 CR1i COJT(LF);

141 4 CALL PRINT(. BLANK);
142 4 CRL IENT; /s CW S TO RETION TIE*

143 4 OR1 PRINK( MLft);

COWMSITE IS EASY 7O OM.~ IT'S IN MOUOtlI 1

144 4 CAL CEOMITE; /0 THE C~OITE SCIK IS INITIALLY: a
10(ITS/4OS) * 680Mn HISSES/M4TS)
IS.TIME CREDIT FROM PUOOURE OWW N MIAWE
-2*(IUUE OF TWUS 1MOPED) *

145 4 CALL PRINT( 91M)I;

146 4 END TYPESIT;

14C 3 ENDI ONERIFLESLLTS;

148 2 EtNLE;

149 2 END FMNTSSI.TS;

I jo' I END RESDITSOMEL

C tkk INFORMTIGN

COE WLA SIZE is 9491 11690
WIME MR SIZE a MWS 10D
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NIIMm STOCK SIZ MW mii
215 LIMS WD
* Fm" E1"(S)

EN OF FL"I IOWILTION
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ISIS-l1 K - V1 1 CMILATION OF NGULE FINIRLODALE
. OBJECT NODU PLA IN :Fi.MFltf OBJ

, COPILER INVOED BY PL :F.:FI.L PLM IWF PIM MRTE (25 JUN ?9)

I FIARLOME: 00;
2 1 DECLI 9PM(5) S1UCTUIE(STS BYTE, TIWUII E SS) EXTEMU.

(FILE, RIFLE, 9I90MS, NED lISSES) M EXTEPf,
t.M N B WTEIE MO SSE

5CVR(5) STRJCTURE(ISS BYTE, HIT BYTE, LOW BYTE, LOWIISlOT BYTE,
RIGHT BYTE, HIOSRIIHT FMTE, HIGH BYTE,
HISULEFT 9M LEFT lITE, LOiSLEFT BYTE.
- w WiE, ywM Wit TEITSlUMIED BYTE)

FAST (42) BYTE DATA (41, 'MIYU"RE 11 FASTEST SOT IN THE NEST'),
O00 (25) BYE DATA (24, 'EY! YOU"RE P1I MaICI'),
FAIR (38) WE DATA (37, 'OH WELL! THERE"S HOPE IF YOU SPEED UPI'),
POOR (30) BYTE DATA (29,'SOlR. BUT YOU"RE PRETTY SLOW),
CR LITERA.LY 'e(M'. LF LITERALLY '@M',
(TI E EDIT, N) BYTE

3 1 COU1: PROCEDIUE (LR) EXTERIA.;
4 2 DEAE LTR BYT
5 2 E COUT.

6 1 PRINT: PROCEDURE (PINTE)EXTE3A.L,
? 2 DEMLM POINTE ADORESS;
8 2 D PRINT;

9 1 COMMENT: PROEDIRE PUBLIC;
10 2 IF tWTIME <: 5 1D
11 2 DO;
12 3 CALL PRINT( FAST);
13 3 TIMEKREDIT = 3;
14 3 END;
15 2 ELSIE IF AMTIME ( .TEN
16 2 00,
17 3 CA.L PRINT( O0OD),
18 3 TIEKREDIT - 2;
19 3 END;
20 2 ELSE IF AWTIIE (a 13 THEN
261 2 M0,
22 3 CRLL PRINT( FAIR);
23 3 TIMEOCREDIT = 1;
24 3 00;
25 2 ELE D0
26 3 CALL PRINT( POOR);
27 3 TIHEEWDIT a 9;

38 3 ~E DIoXwR EIR)PLC
"" 29 2 END CONMEN;

i ~3 1i Hi PROClEMX (NEXIOR, OECMW) PUBLIC;

(J 31 2 VCLRE(EXgR, 0ECSAIR) AM.S,
HEX BASED EXSNOR MMESS.
DECIIL. WAD DEC1OlR (5) BYTE.

0 (N, ) BYTC3
_ _ _ _ _ _ _ _-C-39 i



M2 2 00 N 60O4;

34 3 DECIF(N) Ix 10 1 I 3t
35 3 HEX v J(/IS;
363 ED
3? 2
38 2 00 WHILE DECIWlf(N) 30H fa WM-.
39 3 OECII.(N) a 25b /s MMACE LEWDING ZERO WITH 9S ./s
4 3 N a N i
41 3 ED
42 2 ED HIM

43 1 ~ OIYE: POCEMK PUBLIC,
44 2 DEMME OMP(24) BYTE MMT(23. 'Y=E MGVL SM IS: )

DEC"9 (5) emTL
45 2 OWL z 1U(SM(FII.E). HIT)/3SP1T3 + flfIKISS/gjg9IO

* S.IMESMDI1 - 2*(SCKE0ILE). TUETPSINO);
46 2 CALL PRINK COMP);

47 2 IF OM.L ( FM HEN O; /* 1.E. OW FOR MfI* SME 4?
49 3 CFtL RM 0ALDC
56 3 00OW - TO04i
51 4 CALL COtITECUNM);
52 4 Eft
53 3 END;

54 2 CALL. MCOUD;
55 2 CALL C~ff(LF),
56 2 CALL CVOfl(LF);
57 2 so CIOITE;

58 1 EN0 FIIAJKDtL;

MAXLE WOROWTION:

CODE FM SIZE z MM5 SMI
WRIOELE fKA SIZE a MINS 16
WCIMN STRO SIZE' xU WIS O
95 LINES IMb
@I EMNU~ S)

IND IF PL"M-SCWILMRTWN
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1515,.11 P1/"- VI I (CWLAT1ON OIF HO(L INTUIti'
O BJECT PILUE PLACED IN : Fl: INTER. OSJ
COWILER IWSCED SY: PINS: Fl: INTER. PN 1F IDEBUG MAT (3 OCT 70)

- 61NrYEICTE3

£INTOSPT7: M-

2 1 DEUK TRAIN BMt EXTEPI&
FOOQ LITERALL.Y 'Sew. /4 W)IISS TO WIHl ME Uli INE MOW

NM-ECIFIC OS OF MNEUPT s/*
W LITERALY '20N'; /0 THE NU-WEIFIC EOI, SEE FM 3-

3 1 INTEW~TOUTINE. PRWE INTWT 7 MWLID
4 2 iRRIN4 /s PMM~N MILL Cft. FOR KSULTS TO BE IME MRJ
5 2 WWPi(NSWCW2) c 0012E;
6 2 END INTERIPTSOIMII,

7 1 END. INTERRIT?,

NOUIE 1hFORmlTION.

M.t AREA SIZE 2 1) 4" 19
WOMBfLE FIERA SIZE a SM61 &5
WII9. STACK SIZE 066614 OD
17 LINES WO5
a PROWN ERROR(S)

DIO OF P'-M COILRTlON
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S W8 :Ft:P141C, SRC NO FILE DEI 1OD41 TITLE('18 JAN 79,)

ISIS-11 1CS- iI-41 NCUO F599E V2 $ PAGE I
18 Jffi79/

LOC OWJ s SOURE STTERENT

I; M OL5.Y LNUAE PbM WRITTEN FOR THE UPI-4t
2 ; (UMI WRAt PERIPHIEI. INTERF CE-41) DURING THE

4 3; 9UNHIR TERN OF l IC EAM 7?-?8 BY TMU J
4 ; RICNA WILE M1NGS AtMOASSSTANiT
5, FOR OR. HRERT C. TOLE At THE FW IMINING
6 E I ENT COW (IEC) IN 6ON FLORIDA

8;
9 TIHE P I ACC A PIAR DATA TlW FION

le AN OUTPUT PORT (OW) OF f INTE SAC-e/2&4
11; SINGLE B CMIPUTER WST1t THE DATA NOW IS
12 DECODED TO OBTAIN A REFBEhC (OIUN ON THE FFCE
13; OF ON A CRT. TIE CRT CURSOR IS THEN POSITIONED

- 14 ; IN THIT COLUN THE DATA WR IS FURTHER DECODED
15; TO OBTAIN IHE RESS IN ROI OF A TEXT STRING IICH
16 ; IS THEN SHIFTED OUT SERI.LV THRO AN i/0 PORT
17 LINE OF THE UPI-41 AT 19 D. THEFRW
18, IS INTERRUPT DRIEN F1 UTILIZES A FIFO STACK TO
19 9MtCE OUT DISPARITIES BETWEEN THE RATE AT WHICH IT
29 CAN SHIFT OUT SERIAL. DATA AS COAPRED TO THE HIGHEST
21; POSSIBLE ME AT WHICH IT 19UST ACCEPT PMUR DATA
22,
23 ; THE POINTINE C NFI0TION OF THE UPI-41 IS AS FOLLONS:
24;
25, REGISTER B( S
26
27,
28 REGISTER 9(06) 7 SIT ACII C(N COWINER
29; REGISTER t(RI) ASCII AR TO bE OUTPUT
30 REGISTER 2(02) COUNT FOR VAIrABLE DAY
31 ; REGISTER 3(R3) OUTPUT STRING FODRESS
32; REGISTER 4(R4) F VALUE FROI LOOKUP TALE
33 , REGISTER 5(15) BINAY CODE FOP CRT COLUN POSITION
34 ; REGISTER 6(R6) COUNTIER FOR STRING OUTPUT
35 , RESISTER ?(R7) PWIKW AT TRANSFER
36.;
37 ; REGISTER BW 1
38 ;
39;i
46 REGISTER MD8) C IRRENT DATA P( INTER
41 REGISTER 1(01) FINA. DATA POITER
42, REGISTER 2(R2) QEUE STATUS
43; REGISTER 3(R3) ACCUIUi.ATOR STOPAGE( 44 REGISTER 4(R4) NUSE
45 ; REGISTER 5(R5) CONTITaI93)D
46 , REGISTEP 6(R6) CONSTINIT424O

L47 ; REGISTER ?(R?) TD9CY ONTA idOR STORAGE
46,
49
50 PORT I SERI1. TMINiSSION ON BIT S
51; FORT 2 LINES 0-4 UMAS A RJ INPUT TO INHIBIT TEXT
52 STRING OUTPUT. LINE 7 JSED TO ENABLE CHIP SELECT



7ISiS-Il NCS-4P-4 " IPRO UBLER, V2.1 PAGE 2

LOC 03 s sun STRID E

53;
54 ;

56 ;
amW 57 WIG80
ow soN 58 39P INIT ;PEERVE INTERUPT VECTORS
886' 59 ONG 3D ;DaffERft INMRRUPT VECTOR
t863 $458 60 EXTINY: 19P IRT ;JUMP TO INIEWYT ROUTINE
00? 6a ORB 71) TMER INTEUPT VECTOR
ON? 046H, 62 TIMINT: NM TIINRT JTHER INTUFT ULJTINE
oNE 63 a o

m 95 64 IN1T: Pt. FO ;SET FLAB SO INTIUPTS NOT ENABLED
65 t1URIN6 INITII.IZRTION IOUfIE

'8W gwo 66 AL P2., M[M ;Mi MILL DRIVE LINES -4 TO OROW IN CASE
67 ;THE SIMULATION PON IS GOI16 TO BE RUN I.E.
60 ;THIS WILL IEP 0 cRIFLE FPO PIKINI UP
69 ;AN EXTANEOUS 910T DUE TO THE OUTPUT LINES
76 ;COMING UP HIUP -. S/28 V212 CLEAR MILL NOT
71 ;HRVE BMOf AT THIS POINT IN TIME-,
72 ;LIIES 5 6 WILL OTHM EHIGH AS REQUIIED
73 ;TO LET A EN0t SIGNiA CONTROL THE TO PlES FLAFG
74 ;BUT MILL NOT BMLE THE CHIP SEaCT WHICH
75 ;IS TIED TO LINE 7

MR 76 NOV 1,AH ;ASCIII 0 T CLEEIM CRT SCEE4
8W 3430 77 CAL OUTPUT
8ftI 3456 78 CAlL DEV
M3 341R 79 CN.L LOCST ;SET IP CRT TO FCCEPT I X COID ,,UE
015899 9m0 NO RL SMH ;X VLUE FOR COLUMN I

fil 7 343 KI CAL OUTPUT .ROUTINE TO SEND ASCII OF .CER
W19 ID5 82 SEL R91
&40 BA 83 NOV 1&.032D ;INITIAL VALUE FOR READ MEMORV POINTER
WiC 8920 84 NOV 11,132D ; INITIAL VALUE FOR uT ITENOW POINTER

IE was 85 NOV R2,1 ;CLEAR IUE STAM REGISTER
OH'2 S0 96 OV 6,62240 ;224 + 32 AVAILABLE LOATilNS IN AR

97 ;a 256 a> OVIMOW
i*,22 BEI sB NOV R5,30190 193 + 63(LOST RI ADESS) • 256 -)

89 ;OVEI'LO
*249 96 90 RK P2, IM ;ENABLE CHIP SELECT
*26 85 91 EN I EI.£ aTEER. INTE1WPTS
*27 FA 92 WAIT: NOV K R2 ; ET UIEU STATUS
*26 CQ7 93 JZ WAiT ;IF IEUE Q NO ACTION

94.
95'
'7,

9e;
0)0 F9 99 START: NOV R, M iGET DATA FRO RA LOCATION
W' AF 16 NOV R7, A STORE DATA

1*1 CA 101 DEC R2 ; DE ENT EUl ST i REGISTiER
*,.D FP 1 NOV A, R5 tMD3ECIMAL

OO 8163 RD , RO C;00XFOR LSTACESS BEIGTTOF RAN
WJ 963 184 JIQ CONT

I 0 81 105 NOV 00, 31D ;OIE LESS THAN OTTOM OF RA
Is;; 18 16 CONT INC ;N ,EXT RAN ACCESS LOCATION

00-4 FF 16? NOV PoIT? iETFIEE OTA

D-2
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Ut ON so SOURCE STATEMENT

am O 19 NOV R?,A ;STORE DATA
64374319 116 R , OlHN iSET BIT WHIC IS fD MIRED LO

UX 441 113 J1P RIFSIN iIF CODE FOR RIFLE SINATION ROUTINE
114 ;W SENT AN TO IT

666 S 11.5 CONTN: ORL P2, K1F ; IF SIIULATION POM NOT BEING IM
116 ;THEN PORT 2 -4 MIST BE IlUTS.

OW6FF 11? NOV AR7 ;REIRIEYE MR
041 345 118 C K ;CHEC TO SEE IF OT DIESI

, 843 M 119 JF ESCE; IF FLA SET AIT FO IEM DATA
0045 34tA 120 CALL LOCSET ;SET IP ADM TO ACCEPT X-COORD VALUE
0047 FD 121 NOV A,R5 GET RIFLE ID FROM PROCEM iR: STNAPE

122 ;LOCATION
4 3414 123 CALL TA ;TAB W TO LOCATION CORRES TO RIFLE #

004 FF 124 OV A, R7 ;RETRIEVE " DATA
0484 125 9W A ;FIT CO FOR TYE OF SHOT

126 ;IN IPPER 4 BITS TO ALLON ACCESS TO
127 ; 16 MEORY LOCATIONS PER SOT TYE

W 53FO 128 In A,RL R , 1H ;MW OUT LON ORDER BITS
884E 08 129 NOV R3,A ;STORE REI.ATIYE MRMESS OF CHAR STRING
O FWE3 138 NOW3 A, @ GET STINLENGTH
056 RE 131 NOY R6,A ;STORE COUNTERVALUE
851 3427 132 CALL STROUT ;PROCEDRE TO OUTFIT ASCII STR
w53 345D 133 CALL CLF
W055 D5 134 ESCAE: 5R Rf .RETURN TO CORRECT REG BANK FOR WIT LOOP
W856 0427 135 3fF WRIT

136,
13?
138
09.
140

0%8 5 141 IUJT: SEL. R91 INTERRI TFG BW
8059 AB 142 OV R3, A ; SRE ARM LATOR
OdS FE 143 NOV R, R6 ; 2240
Oxt 6 144 ADD RR2
w (668 145 JZ GIE]IL ;CHECK FOR u!EE RLL

obwA IA 146 INC R2 * INCREIMENT lEUE PS. M REGISTER
4 5F 22 147 ' IN ,IB INUT DATA

146 FROM SR INTEWPT STORE FF
i%1 149 NOV MA ;STORE NE NDATA

F D156 NOV , R5 19]D
tw2 69 151 ADD ARI ;CHECK TO SEE IF STOREHA

152 IN LAST AAILALE R LOCATION
ak3 9667 153 JNZ CONTI ,IF NOT 1HE COI1 T

65 o91F 154 NOV Rt #31D BOTTOM OF UEUE
06? 19 155 CONTI INC Pi ;INCREMENT WRITE PINTER REG
f8 FB 156 EFUL: NOV F, R3 DRESTORE ACCIJILATit
if9 93 157 RETR ;RETU FRO INTERMWT

Vffl 0 158 TIINRT: STOP TCT ,PREVENT FURTHER TIMER O(MPFLON
'0 159 NOV APSN .11415 SEUE OF OPERATION5 .LOS
w0 67 166 DEC A THE REM 1)ISS W4ICH AS STORED

(w) 5387 161 N A, 0TH ;ON THE ST".( TO BE A.TERED SO THAT
bFE- 162 RL A .ON REMN IT WILL NOTC INI NUEIN

D- 3
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LOC OBJ SEQ SIM STATEMENT

3799388IQ m , 0 ;TNE S LOW IT VIS IN WIlCH FO

8672 RB 164 Nov MR TwE IOTEImI T COLL IN TI( FIRST ACE

*73 is 165 iNC in6 PAWOCNA VIN BE FUIGED OUT By -EF

0074 0 166 INC M :UPI-41 IAL PP. 2-6,9.

875 2314 167 i"N A, ILON FRUl

W7 54u 1O COLL FAIL

0079 93 169 RET
0070 23F6 179 FINIS: k R, I LON DONE ;TEST COMM . EG59E

67c fB 171 np R3la

0070 E3 172 INO3 AIR

0071 RE 173 MIV 96,5

067! 3427 174 CILL STROtfT

eeM1 345D 175 CAL CRLF

;883 0483 176 HERE: i HERE iMRIT FOR RESET(EXTERK)

177
178
179 SA OUTINES IN FIRST PAGE OF MEMORY
188.,

182

fte 183 OR6 256D

@010 N 184 NSKMDT: 0B 10, 2, 4[, 80,1)6D

01 82

8103 84

&3104 10
810t 53E0 185 W IL: OL A, #EOH ; W6K OUT 5 Ll ORWER BITS

M1u7 47 1WRIP A ;RIFLE ID IN BITS 1, 2,3

1aao 7? 187 RR ;IN BITS 3,1,2

i', M) 188 iOv R ;STORE RIFLE CODE

tto 07 189 DEC A ;RIFLE CODE(FILE) 8-4

01@6 R3 98 IOP AlN & O E.T LOOKUP v UE FOR VVENT RIFLE

19K 1tl. Nov R4A STORE VLUE

01(f) 192 Ito IP2 ;GET RIFLE I6IJ

68E% 193 FOL K R4
01F 85 194 C.R FS

611@ %13 195 NZ CONT2 ;,AJI IF RIFLE NOT IED

.112 9 , % CPL F9 ;SET FLAB INDICATING IM

011: S. 197 CO2 RET ;RETURN FROM FOUTIME

.' 1; 198 TfA INC A ;CREATE COIR.T DIGIT F% HIGH BYTE

OIJ!, 47 19 SURP A ;PUT IN HIGH FYE

011, A9 28 NOV R1, A
01.* 201 CALL OUTPUT

oi"- I 22 RET RETIR FROM !JW IE

0t10 8918 283 LOCSET NOV Rt,IBH ;ASCII ESCIE (REF M MWA

2I338 24RE S POITIONINO)
2t 3430 25 A Tmm

!Uf I 26 NOV RI, I2%H my mom E;SJ.
0,i* 3438 267 CALL OUT
ft1" 89V 20NOV RI, 037H ACIM 24 OF RF& TEMIFII.

0124 3430 209 CFLL OUTUT

wot1 83 210 RET ;RETIUN FROM c~J INER T

w3127 18 21 STROUT INC R3 iET TO LOCATION OF TEXT 9EG1NNING

012k. F 212 R, R3 RETRIEW CE 3f I SS 'IF

210 ASCI I STRING D-
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LOC 081 SEQ SOIRCE STATEMENT

#1 E293 214 NCP3 A, A ;GET ASCI I CIR:TER
.19 215 MY Rt, A

0129 3438 216 CALL OUTPUT
: 0 EE27 21 OJN R, STROUT ;1E A1 L CHAR BEEN OUTPUT

012F 83 218 RET ;RETUN lM RM SBOUTINE
0138 15 219 OUTPUT: DS I

* , 8131 6 228 NOV RIIH ;SERliL BIT COUNTER
811 9 221 MY A R ;ET RSCIIOICTER TO BE UTPU

134 9968 222 NL P1,088H r PUT IUT START BIT
0136 88 223 YOV R2,N4H ; SET P OAW LOOP LOOM

4 0138344D 224 CALL DELAY
000 01.A39 225 LOOP1 : OUL. Pt A ;OUTPIIT ENT BIT OF SERIAL CODE
0138 77 226 RR A ;GET 4EXT BIT OF 9CII CODE
013C 6 22? mOP ;WIT I INSTRUCTION CYCLE TO COMIPE TE

228 ;FOR V BEING A SINGLE CVOLE OPERATION
0130 BW 229 NOV R2,82H ;SET if DELAY LOOP LENGTH
013 344D 238 CALL DELAY
0141 ES-, 231 DJWZ RBLOOPI ;TEST FOR 7 BITS OUTPUT
8143 8901 232 R1 Pi,81 ;PlUT iUT STOP BIT
0145 8 *3 233 NOY R2,103H ;SET IP DELAY LOOP LENGTH
d147 3440 234 CALL DELAY
0149 B64C 235 JF8 NOIEN ; IF IN SETUP SE(MENT DORT ENALE INTERUPTS
014865 236 EN I
014C 83 237 NOINEN: RET ;RETURN FROM S.IIPW TINE
0140) EMO 238 DELAY: DJNZ R2, DELAY ; YARIUNLE DELAY DEPENDING ON R2
0141: 83 239 NET ;RETURN FROM SUERIUTINE
0150 96 240 DELAYI: OV Ri,. 1f5 NESTE DELAY LOOP, ARM 1/4 SEC
0152 6FF 241 DLOOP: NOV R2. IFFH
0154 344D 242 CALL DELAY
6 156 E952 243 DJN? RI. LOOP
0158 83 244 RET
015. FE 245 PULBIT: Y ,K ;CURRENT RIFLE MBER
@i5A 07 246 DEC A ;CREATE POINTER FOR LO0UP TABLE
015B R3 247 NW A,N ;GET BYTE WITH CORRECT PULSE BIT SET
015C 83 248 RET
0151 B)90 249 CRLF. NOV R1 ;LINE FEED
615F 3438 250 CAL1 OUTPUT
.161 m900 251 NOY Ri ON ; CARIAGE RETUN
6163 3438 252 CRLL OUTPUT
-165 83 253 RET
016 27 254 CHECK: CR A ;TIMER STARTING COUNT FOR TIMEMUT

255 ;THE PROCE39OR WILL BE INTERRIPTED
256 IF THE !2S DOE9I'T RESPOND WITHIN
257 ;A 9ECIFIED TIME.

0167 62 258 NOV T, A ;LOAD TIMER
160 55 259 STRT T ;STRT TIMER

0169 5669 268 LOOK: JTI LOOK ;UPI WILL LOOK FOR RESET UNTIL
261 ; TIMMOUT WI OCMD.

0168 65 262 STOP TCNT ; INTERRUPT MUST NOT OCCUR
16c B9w 263 NOV RI, #18) ;1IE S2 SUFFICIENT TlME TO

, V. E . *F 264 LOOPZ: NY R2,1IFFN ;SES OUT YOM INITILIZAIION WPD
0170 344D 265 CALL DELAY
0172 E9E 266 DJNZ RI, LOOPZ
a 174 D688 267 JNIBF NOIIJTR RESPON% FRON 8"?
f1;6 22 268 IN AD88 ;BING IN :&, DTA

D-5
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LOC OBJ SEQ SOURCE STATEIT

I77 Dc 269 0L A, R4 ;IF IEN1 II. RESULT IS ZERO
8178 C684 276 IZ IET ;t ENU 0 ONITH TEST
017R 231A 271 MOV A, LOW Fm2
O1? 54AD 272 CALL FAIL
01?E 2484 273 ip IXTI
8188 2324 274 NOINTR: NOV A,# Low FfL3
8182 54M 275 CAL FAIL ; INDICATE FAILURE
0184 90 276 NEXTI: NOV RL #t ;GIVE 8/26 TIME TO SEND REMlINING

27? ;PORTION OF IESMAIE
9186 w 278 LOOPY: NOV R2,UOWN
6188 344D 279 OLL OELAY
0198 E9% 288 DJNZ R1, LOOY
818 83 281 RET
0180 FE 282 RIFLOP: NOV A, R6 ;RETRIEVE RIFLE MER
818E E7 283 RL A ;CODE IN BITS 1,2,&3
60F 4381 284 ORL A, N ;NO STRT BIT ON SERIAL OUT LINE
019 39 285 OUTL PI,l ;SET UP ?0UX
0192 FE 286 NOV A, R6 ;GET CURENT RIFLE

191 47 287 SWAP A ;PUT IN HII BYTE
004 E7 286 RL A ;UPPER 3 BITS

195 40 289 ORL A, R5 ; CREATE (.TCT RETIRN CODE
01 R 296 NOV R4,A ;TEW STORE
0197 3459 291 CALL PFLBIT ;ET BYTE WI1TH CORRECT BIT SET

292 ,FOR RIFLE TRIGGER
0199 4340 293 ORL A, IM ;KEEP TARGE PRESENT NO
@198 3R 294 CL P2.A ;RISING EDGE OF TRIGGER PULSE
01A 9A46 295 Al. P2,4Gm ;FALLING EDGE OF PULSE
019 3466 296 CALL oECK
'1A8 83 297 RET

298 ;
299 ; DRIVER FOR RIFLE SIMULATION f* ITS ISSAGES LOCATED
368; IN FOURTH PIlE OF IEMRY
31;
302

303 ; THIS SEGIENT OF THE UPI-ROM PIVIDES SIMULATED
34 ; RIFLE lATO INPUT TO THE " (OHJE IT CIECYS
365 ; FOR THE PROPER RETUR BYTE TO TIE JPI-41 FOR TIE
386 ; SIIU4TED SHOT N INDICATES FAILURES BY A IESSGE
37 ; TO TIHE CONSOLE. IAITiALLY IT SIGNS ON 1) PROMPTS
38 8 TIE USR FOR THE HRUME MODIFIOTIONS NECESW'
309 ; IF A FAILURE OCJRS THE TEST WILL CONTINUE N OUT-
316 ; PUTS i FAILURE IMESSIE FOR ECH FAILURE OCCUIN:
311 ; WHEN TIE TEST IS COPLETE IT PROMPTS THE USER TO
312 ; ASK THE " FOR ITS OUTPUT.
313;
314
315 THE PROM IS NN-INTEIUPT DRIYN 16 INSTEDn USES
316, THE INTERR-PT FLAG TO DETERIIE WHEN VA.ID DATA I PRESENT
317 ; ON THE 89 DATA LINES. UPON ENtERIN THE ROUTINE
318; FLAG 0 IS SET SO TAT IN WT S 'fILL NOT BE REENM)E
319 NM THE WTPUT ROUTINE IS CALLE) IF lIE " DOES
326; NOT RESPOND AT ALL TO Ai INPUT BY THE UPI-41( INDIOMI
321 BY THE INTERRUPT FLAG EVER IING SET) THE 41 TIMES
322 MUT I1) JUDGES THIS AS A FAIUPRE Il (MTIKES THE TEST ) .

323;
D-6
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LOC SEQ Sma STATEN

324;
- - In REGISTER BANK I IS WSED FOR THE RMUIIE FM IS REDtFIWM!

326, RSFOLLOWS-
32?. REGIST I AM

329 REGISTER 1 OUTER LOOP OF DEAY CMNTER
33 REGISTER 2 1ISR LOP OF DEIA AITER
3 REGISTER I DELY OINTER

332 ; REGISTER 4 EMIECIEI REIT " FROM
33; REGISTER 5 TEMP SYOIE
334 REGISTER 6 5 RIFLE LOOP CM ER fA O NT RIFLE
335 REGISTER ? 16 SOT POSSIBILITIES LOOP COMER
336; f tlRREN SNOT TYPE
337;
338; THE BOTTON 5 LINES OF PORT TWO FUCTION RS 7M RIFLE
339 TRIGGERS INIE OF AS THE N INPUTS
3405
341; LINE SIX OF PORT TWO IS THE TFIT PREMIT SIMIL
342
343 ; PORT I LIKES 4-7 SEItrRS THE SHOT TVPE IRT LINES FOR
344 ; THE 0 .
345;
346

am 347 ORG 512 ; PRGE 2
348;

62 86 349 SHTCOD: DS ,2,4,66,,5,4

62m4
8263 63

8006
@266 85
62704
6 t8 350 Do 8, 92,7,8,6,1

em82

82K6

351,
352;

621685 353 RIFSIM: CLR F9 .MHILE F IS K N SET AT TIS POINT
354 ;THIS MOS A LITTLE CRITY, iE POINT( ; m IS THAT INTEMIPTS 1 T B

.iti 95 36 CL FO ;N'N THE SER AL OUTPt OUTINE IS 6EI

6212 23( 358 my7 ANCSI
Q14 A 359 OUTL P2, A ;DISALLOM FWM INTERMJT REEWTS

me ;OR INTEIPT FLAG SETS BY IESELECTING
31 ; iTE CHIP, TFIRMT FLG MM p1 TRIOS 001DOW
362 ;ft(W TO PIES CONTROL SET FOR UPI-41 CONTROL

215 15 363 MS I ;MIN CHIP RESLECTED INT IIPTS WILL
O64D-7 B9E MCXE D TlRW THE INT FLR

.__.. . ., , ,,, .,/I . - - - - - --, . '; .. . . .
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LOC O, SEV SmRCE STAIENENT

6216 25 365 EN TNTI TINIE INTERMUT IS USED AS A TINEOUT
366 ;FOR SUM ROT W'iES

217 MR 367 NN f LI AN ;Amwl THE CRT SCEN a uI DYSOR
@a19 343 368 (NJ. OmTU
6216 3458 X9 (NI mm ;ALLOW CRT TIME TO CLEAR
021D 345D 376 CALL CALF ;SlPCE WN THE LINES
621F 3498 371 CALL CLF
OW 345D 372 CALL CALF
6223 23m 373 OP A## LON SISON JMSS OF SIGN ON MESSAGE
82-5B 374 NOV 3,A ;STORE SIRINW ADRESS
226E3 375 MOM .1 ;ETR STRINGLam

8M7 RE 376 NOV R& A ;STORE SIRING LENBTH
O8 3427 377 CALL STROUT ;SENDINTRU
6221 345D 378 (AL CALF ;CRRIAGE RETURN LINE FEE)
OM 3450 379 CALL CLF
622E 23E 360 NOV R, I LO FOIPT ;PROPT ESS6E
023 S 381 Nov R3,a ;STORE STRING R)POESS
6231 E3 382 MOM 0A0
2 RE 383 Nov &AL

0233 3427 384 CAL STROUT
235 3450 385 CALL L LF

&3? 3450 386 CALL IELJY1 ;WRIT FOR 8 TO TYPE OUT LET'S START.
OW3 3456 387 CALL OB.
8238 3456 3W CALL Dam
62 1 D5 389 TEST: SB. R"

23E 9M 396 Si. P2,6G ;RBDIUE CHIP SELECT AND PUT TARGET
391 FLAG UP.

24 605 392 RL06PS 1: ? 6,6656 K INITIAL1 RIFE IER RV LOOP
393 ;CUINTER FOR 5 THIES HMU

0242 6F18 394 RLOOPI: NOV R?, 016 ; INITIALIZE SOT TYPE R LOP
395 ;COUNTE FOR 16 TIlES TOM

0244 54CI 396 RLOOP2: CALL SHLOOP ;RIFLE SI9ILRTIVN SUDIOUTIINE
0246 EF44 397 DJ R?, RL0P2 LL DM POSSIBILITIES DWE
@248 EE42 396 WN1 R& RLOOP1 ;D OE?
Z40 9W* 399 OIL P2 41 ; TARGT PRESEN DOiNm
024C 65 406 NOV R358 I;WIT I SEC JIRED FOM Ei TAR
024E 3450 481 LOOPX-. CALL .ft; CI ARW
(12 50 MBE 402 OJIE R3.LoOPI
02t,4" 9f 403 TOLATE: AL P2, 0 N ;TARGET POESM UP
-4 BRFF 41 NOV R2 #@FFE VW 68/26 SEES FLFG

02%6 344D 405 CALL DamP
&W8 146 406 ORL P2, 40H TARGET PRESENT DON
2% WF 467 NOV R2, I0FFH ;GIVE /2 O CE TO RESPOND

625C 344D 406 CALL D0L.R
& A 905 469 NoV R6,15 ;RIFLE COtTER
@A6 a 416 HOV R5 .6G ;CODE FOR NISS-TOO LATE
u6 3490 411 LOOPWC CLL RIFLOP ;20WIIE NIICT FIRES 9OT FOP OCtlff

42 ;RIFLE, ClECKS FOR RESET TO EXTERNFAL FF,
413 ;N CNIEas FOP CORRECT fIESSGE SET8(
414 ;Y '6.

.A14 EE62 415 DJXZ R6, LOOP OONE?
" 89m 416 NOV R3,5 ;WRIT I SEC REP FOR NEW TmR A RAE )

OM 3459 417 LOOPL. CALL DEL
6iA EMES 416 DMJN P3, LOOP
.1C BE05 419 TARIGN. NOV 6, 45 ,RIrLE COUTER

D-8
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.-"T " " %., .' 1- .



SIS-11 IcS-41Pi-4t MIMO E V PAGE 9

uoc G83 so SOURCE STRIEMT

SH6E3450 421LOOPO. CAL IBMAV
427 9m 421 IL P2 INN TAMET PRESENT UP
O2 OlF 422 ROY I, FFH ;GIVE M2S TIME TO RESFM

t 274 344 4S OLL OEMJ

02?6 3459 424 COL PULBIT

9278 43E 425 aL a 011IU B ;TOP 3 SITS MiST IE ZERODTE1 L
027A 3? 426 CPL A ; ALL BUT ONE RIFLE WILL 910OT
0278 36 427 OUlL PFR ;RISING EIE OF TRIGGERS
021C 99ft 426 KL PI, U1H ;HMI DOTA SET FOR HITS, NO START BIT
427E 9 429 IK P29. JFILINI EDGE
1 283456 438 CO.L mm
"1282 34m 431 CALL KM ;GIVE 8G/M TlE TO SEND ILL NESSAM E
em822 432 IN A,VIB ;CLEAR IlF FLAB MICH THE " SENT 4

433 PULSES TO.
am am 434 GAL P2,1#41" ;TFET PIL T OWN
on? ow 435 NOV R3,06 DIELFI OVER 1 SECOND SO THT UPI WILL BE
28 3456 436 lO01: CALL DELAIW ;CERTAIN TO HIA (ECEIWD INTER PULSE
O28 E889 437 DJNZ R3, LOOK

80 06 438 JNIBF NOINT IF NO IN' PULSE I4)ICATE A FAILURE
OfF FE 439 NOV , AR6 ;GET MMEN RIFLE

298 E? 440 RL A DATA IN BITS 32, 1.
291 4? 441 9f A ,IN BITS 7,6,5.

SM 43C 442 OR. AcH ;C IS5 NO ESS OF "TRGET IGNO .
64 AC 443 NOV R4,A ;STORE
6295 22 444 IN A ,M JIMMUT mTA

02 DC 445 M ILIN ; IF PE9ULT IS ZERO THEN BYTES IDENTICAL
6297 C6AI 446 3Z CONTA
0299 231R 447 NOV L O LON FL2 ; I REII TO CALL DRTA FAILUE ROUT.
68 44SF 448 ,P CONl
8292324 449 NDINT: NOV ,, LON FAL3
OF 54W 458 CONTB: CALL FAIL
61 EEE 451 CONTA: DJNZ R6, LOO
6 BE45 452 NINOTR: NOV R65 ;5 RIFI.ES

&A6i5 am 453 NOV R51 o C WE FOR NO TARGET
"7 346 1 454 LPJ: CALL RIFLOP

8M EE0? 45 DM R6, LOOPJ
e@B 8476 456 lI FINIS

457
458
459,

4 460,
461,
462,

464,
&W C5 465 FAIL: SEL M ;SEN RIFLE IDENTIFIER TO CRT
02F W 466 NO Rl A ;STOF. FAILIM T
02W 05 46? SEL OR
&M FE 468 NOV &R6 i PgET RE RIFLE

m .cs 469 SEL
8_ E7 476 AL A JIL W TWO TO CCESS TNO LOCATIOW AT A TINE
63 43F0 471 OL A6 IN ;RMES FI

em AD 472 NOy 05. ATElf ST0PE
m R3 43 F" p so GET PIFLE IDENTIFIERO37 A9 474 OV RI, A

D-9
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LOC W8 SEO ou STATEENT

S8 3430 475 COLL OUTPUT
OM FD 476 NOV .R5 ;RETRIEV POINTER
O8 17 477 INC ;ACESS NEXT LOCATION
9CR3 478 Np A68 ;ET REST OF IDENTIFIER

e9 479 NV RIR
O2BE 3430 406 CALL OUIT

iaem 461 HOY RLI1SA SCI C1
02C2 3436 462 CALL OUTPUT
W6C4 FF 483 NOV . R? ; RETRIEVE F1ILUIE TYPE

S404 NOV R3,A AW ND1 OUT FAILURE TWE TO CRT
06 E3 465 NM A, in
WC? RE 406 NOV MR

8 3427 487 CALL STOT
$0u 3451) 468 CALL COLF
2KC 93 489 KR j

@aD FF 496 SILOOP- NOV AR? ;GET SNOT TYPE
ME 00' 491 DEC A
0(F 37 492 oft. A
0 53F 493 8. , WFH iSN1T DATA LINES WK INVERTING IVERS

021,2 47 494 Sw A ;StIT TYPE DATA LINES ARE P1 4-7
6IHD495 NOV R& ai ; TEMPSTORE

214 FE 4% NOV FLU ;GET CURRENT RIFP.E
@215 E7 497 AL A ;PUT CODE IN BITS 1,21&
W-6 4) 49e OIL ,R5 ;OR SHOT TWPE RIFLE # TOGEW.
Q)7 4381 499 CAL AH ;ON'T SEND OUT A3 S1RT Oil
w '39 58 OUTL PtA ;SET UP SHOT DAfI LINES RI -Ilk

581 ; INITS TO THE M.LTIPUE)E1
M4IFF 5M lOV , R? IEWIEVE SHOT YPE
02C'807 593 DEC a
Olem A3 54 NOW RA ;GET CORECT RETIAI CODE FOR COPIMAISON
2o (' 5 NOV 51 , ;STIXI

OIE FE 56 NOV RE ;(GET COWN Rif LE
Oaf 47 507 SWP ;PUT CODE IN UlEP 4 BITS
O2.d E? 50 AL A AMIER 3 BITS
02(10 589 OIL A, R5 ;CRENE EECTEt, RETUN CODE
02E2 AC 510 NOV R4,n ASTORE
M 3 3459 511 COLL PtUIT ;GET FRON PAE I Af BYTE WICH WILL

5L2 AK THE M ( BIT SET FOR A
513 ;TRIGGER PULL BY THIS RIFLE

WL5 A 514 OUTL P2 R ARISINS EDGE OF PUL E
OE27515 MR1 a

2 - 516 OUIL P2,A ;FMLII E OFPU LS. 4M: OTH "IS )
517 ;NYW OR NAY NOT BE THE CRSE IN REALITY
518 ;FOR IF THE W-S* SWITCH FOR THE .NT
519 ;RIFLE is ON. THEN THE ACTUAL PULSE
528 NILL (N.Y B THE 0104 SPTER PULS.(50-
521 NIFEC) THAT THF IPI PROVIDES Ae, A FAST
22 TUN ON FOR T ORT BE F K 51E(

523 ,PULLP TU(ES cFPECT HERE THE
5A4 ;PULL@ WILL WIT PROVIDE A HIGH OUTPUT
525 ;DUE TO THE SPKULLIO I ID T* 0...
526 ; INRUTION uWADwo NO B E ( )~
527 iTE L IiC 'HI,,' WILL CTUJLIY BE
528 OUT 2 C 1 IS W, XEPTID E TO TH 41

S3466 529 CALL CHECO(
D-IO -
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189 MY

532

4, 2 533 MH

0025234 s t

O 5234
sa. 5m3'

53?
530
53D
54.
541
542;
543 ; SWINS MR~ LOCATE IN TAIPD PALE OF HEMWR
544 ;
545;

8388 w4 ORB 768D
038684 w DS 4k WNss
0381 40495353
0385 2929M2
0389 282M
03%( 2282
0 31003 540 11e 31L'HWI
0311 484954
Fs14 0 549 FftI DO 9M 'F RS'
0315 46205245
@ 3119 S-
@31 6 S Ff.2: 0S M i'F OAT'
0318 4628444
031F 54
0328 83 551 Do AM 'LOW'
6321 4C4F57
K24 0 552 FS3: OS 9.'F INT
@325 4620494
0329 5426M02
032D 250

__ 33009 553 DS 9", LOWR!WK
OS31 4C4F5?20
0.335 52494746
8339 5428282
01;31) 2K,202
I1,48 0554 to 14'PIGHT
0341 52494748
6345 5420M52
0'249 2102520
83*22026
9Q31% so 555 8 o 1l'ia" PONT
0351 40494740
8355 M24947O 8359 4654252
0350 25252
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ISIS-1I gKS-46A1-41 W= flSSUKER ai IAR 1

18 JA ?9

LOC ON WA Son STAMM

5o0 56 00 46'Io
6371 46 746
0365 2 025
0369262026
036D 20202

037469 557 De 9N, "10LEFT
6371 49M748
0375 204C454
0379 5428202

38 4 558 De 4H,'LEFT
0381 4C454654
0365 2028202
i389 22026
0380 28202

0390es 559 De SWUM LEFT
i~l 4C015723

0395 4C454654
09" 2626802
039D 26020
@3A9 OD 566 Do u i nIs-ToO LATE
@A 4049533

$09~ 2W54F
6-0P 45M

03N 06 561 86 ft o N0IW E;
O9-8 4E*28634
085 41524745
6389 5426028O
03BD 26202
03CO SE 562 DO 10,'rET IGN0=D "
03C1 54415247 -

e3C5 45542049
03C9 474E4F52
03CD 45420
031O 563 SIOI: e 15, 'RIFLE SIMLATC'
8:&I 5249464
OD5 45265349
D39 4055441

03DO 544F52
93H OF 564 PROIT: 0S 15D, '51W 10 PLMV
03EI 53545241
03E5 5e2694E
829 205W4C41

3ED 43453F )
OFG OF 565 0E: OB 1v, ' TEST CPLEYE'
03FI 2026445
05 542043 )
03F9 ,F405F04
030 455445

@(WE 016 CMT 6633 CWTI (7 CONT2 6113 CUN7A .'21 WO0 W CM" 9W CN1F KID

DUN 640 DaLn US pN(r KU ON M ESC OM EXTINT O3 FAIL WO FA1 0314
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ISIS-11 NcS-4SIi-ft WW~ 1ELE V2 PAK3 13

FfL2 M2 F%3 (34 FINIS WR MW~ OW6 INIT UA DSNW W LOW~ OuRA LOWK 6169

4LOOI UM3 WQOC OM4 LMOW LoOW LO VPK26 LOOK OW 6260 10 24E LOOPY M16

LODZ 1~ S NIO~ 3 MW6 0 NEXTI 0164 NOIEN 614C .NOINT IM9 NOINIR W18

WIMpU 113$ CUW1 KM RUIT 0159 NERI OW6 RIFLOP WD1 RIFSlN 6M20 WtOP 0242 ALOOP? 62M

zL " ~ r 9" M ia SIM I XW O STMT 66R STRWU 912? TO 611 TORION OW6
TEST 0230 111pT 666 IIMINT OW6 TOMNI 62M OIT 6627
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...

-LOCATE :FI:TST.TMP TO Fl:TST SYMBOLS LINES MAP PRINT(:F'ITST 
PPT.

SYIBOL TABLE OF MODULE rST

READ FROM FILE :FI:TST. TMP
WRITTEN TO FILE :FI:TST

VALUE TYPE SYMBOL

MOD TESTMODULE
CIBFH SYll MEMORY
C80IH SYM TEST

CelH LIN £4
C801H LIN i5
C 4H LIN ±6
C067? LIN £7
CeGA LIN i8

COGOH LIN 19
C9t9H LIN 20
C013H LIN 21

MODF TESTPROCMODULE
ClBFH SYM MEMORY

C 0tOH SYIM TSTCHECK
390QH SYt N
CO18H SYm DONE
COIH SYM LEDON
3901H SYM K
C020H SYM FAIL
3902H SYP J
39"3H S'M IODATA
CO8DH SYI IOTEST
C014H SY'H LOWLIMIT
C016H SYM HIGHLIMIT
3904H SYM INITIRLTIME
3906H SYPI FINALTIME
398 8H SYM ELAPSEDTIME
390A SYM I
COMM-4 SYI" TIMERTEST
C138H $'€M USFRTTEST
C018H LIN 41

COI1H LIN 42
COI8H LIN 43

COICH LIN 44

COIFH LIN 45

C02 H LIN 47
C024H LIN 49

C033H LIN 5
C041H LIN 51

C045H1 LIN 52
C04A11 LIN 53
C051H LIN 54

CO.FH LIN 55
C064H LIN 56

C06S- LIN 57
C072H LIN 56
C068- LIN 59
Ce84 LIN 66

'7 COSCH LIN 61
C09DH LIN 65
CO8I4 LIN 67
C09M1- LIN
C0941H LIN 69
C099H LIN 76
C09EN LIN 71
CO3M LIN 72
COAN LIN 73

E-1



C0BIN LIN 75
C086H LIN 76
COBAM LIN 77
COBFH LIN 78
COC4H LIN 79
COC9H LIN Be
COCDH LIN 8l
COD2H LIN 82
COD7H LIN 83
CODCH LIN 85
COIX)H LIN 90
C:ODDH LIN 9±
COEOH LIN 92
':OE5H LIN 93
COEBH LIN 94
C@F9H LIN 95 1

COFEH LIN 96
i.105H LIN 97
i,::±uBH LIN 98
i:117H L-IN 99

Cl'41.A'H LIN 100
CL.126~H LIN 101

'--:2H LIN 102

GlSSH LIN 106

C138H LIN 107
L1H LIN 108

:140H LIN 109
C.:143H LIN ±10
L:1.48H LIN :1±*
I..4CH LIN ±12
C..i5iH LIN ±1L3

i'E,-H LIN 114 P
-t tM~H LINI 1±5

MOEP RAIMTST
I H'-'YMLOOP

(.e-:1'4H z-:YM LOOPA
I'7F:H SYPI RAMFHL

..L H -YM RAMtTST
M1ODZ ROMTST

CIH9H SYM CONTZ
'.-:194H SYM LOOPA
GISEH SYM* RO:M 1ST)

MOD) SBCTI M

165H ':Wl LOOP8

.L84SYII SOCTIM

MEMURY MAP' OF MODULE T-:T -T

P.EHL:. FROM FILE :Fi:TST TMP
W.*' I TEN TO FILE : Fl: rs T
t1'A'I[ULk- START ADDRESS OC-126H

-,T~feT STOP LENGTH PEL NAME

L i-OoOH C OSCH 8DH A ABSOLUTE)
.. :(HCIBEM 132H A ABSOLUTE
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ISI1S-11 ,"0 V3.! COMPILAlTION OIF K TESTM t)
OOJECT NA PLCE IN : Fl: TE57MR 08.
COIPILER INVE BY: PUW 1F:TESTERI PLN I*F DATE (12 WT 79)

* /e THIS TEST FURM W1 WPITTEN BY TON RIRM ITS ICTION
IS TO ACT AS THE DRIVER FIR THE TEST PROCEPES AS CR.UED /

1 TESTIOWLE: 00;

2 1 MTST: PROEDW MUMEft
% 2 END WMTST;
4 1 ROMTST: PROCEDUR ExNlA.
5 2 END IR TST;
6 1 IOITEST: PROCElDI EXrEPIRL.;
7 2 EO IOTEST;
8 1 TIMERSTEST: PROCEDRE EXTERNL;
9 2 EI TZIEMTEST;

1o 1 UMTSTEST: PROEARK EXTERNAL;
It 2 END USIRTrIEST;
12 1 DIE: PROCBEWEEEXIUMLE
13 2 ED DONE;

14 1 TEST. PROCEDW PBLIC;
15 2 CILL IRTST;
16 2 CALL ROWTST;
17 2 CA.L IO$1ESTD
18 2 CI.L TIERsTESTi
19 2 CAIL JRTSTEST;
20 2 CfA.L ME
21 2 EID TEST;

Z:2 1 END TESTSMODULL

AIOLDLE INFORMTION:

CODE fr A SIZE z 910H 190
VRRIALE AE SIZE = MI

IWIM STACK SIZE c SW 2.
29LINES REA
0 PRO" RAROR(S)

END O PL,/I-S COMPILTION

0. E-3
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ISIS-1I PLAI-0S V3. 1 COMPILATION OF WALE TESPROCRIUALE
OBJECT MODULE PLACED IN :FlTSTPRC. 08
COMPILER INVOKED BY: PIMM :Fl: TSTPRC. PI IMEF DEBUG DATE (5 JiL 79)

I TESTIPROCYOULE: DO;

2 1 DEC.M TSTOIECK BYTE PUBLIC AT (SCSUM) DATA(l);
SNOLIST

8 I DECLREN BYTE;

39 1 DECLARE WORD LITERLLY 'ADDRESS';

4 1 DE'N NTCP LI1MUY 'W, FOREMR LIMI.Y 'WNILE 1,
DIANISTIC.D LITEU.LY 'MQ';

41 1 DONE PROCEDE PUBLIC;
4 2 LEDSON:

DO FORVER;
4- OUTP T (DIAIOST IcLEDm4ONTREM "
44 3 DOLEM
45 2 END DONEi

4 I DECUE K BYTE;
4" 1 FAIL: PROCEDIE() PUBIC

~ 2 DOECAEJ BYTL
4 0 K=ITO J;

50 DO Wi TOI1; M
51 4 OUTPIlT(IR OS)ICSLED)-OINTCARE
52 4 CALL wCIlhia);
5t 4 END;
54 ; 00 NI TO 4
5, 4 C LL SOCTIM(125);
:, 4 ENDi

", C . DO N=1 TO 80;
CALL SOCTNlQ(2); /* WRIT 2 SECONDS 110 GO ON WITH TEST./

. 2 END FRILi

I. DELARE IOSFAIL LITEALLY '3'; /* 3 FLASHES Fl ON I/0 FAILURE */
,. I DECLARE PORTI LITELLY 'O4H', PORT2 LITE.LY 'Mr4',

PORT3 LI1LLY 'SEGA', PORT6 LI1IM.LY 'SEM';
i4 I DECL IOBATA i
65 1 IOTEST: PROCEDIU PIULIC;

CL. PORTSET, /1 SET UP 10 PORTS 142 AS INPUTS 3M AS OUTPUTS */

WTPIIT(PMT)41N /* PORT 3 WILL IWERT OUTPUT TIEN PORT I WILL REINWERT IT
t9 3 I08IAT IeUT(P;T1);
(' 3 IF IOOTROIN THEN
il 3 CiL FAIL(IOFAIL);

o2 3 OUTPUT(PORT3)m@FFK
IODRT*llWIJT(PORT1),

.4 3 IF IOBATAMT TKEN

E-4



S5 3 CALFAtJ. $AI)
76 3 OUTPU(PRT6)4S4 3 /* r ORT 6 11101 MMPU PIT PORT 2 WILL NOT REINYET S/
77 3 IODAxIPU1(PORT2); ,r
78 3 IF IOOATAOOUFH EN
79 3 CALL FAIL(OUFAIL)i

80 3 OPUT(PORT6)4FFN V
81 3 IMaATAOINUT(PORT2);
82 3 IF JOTOW THEN ~i
83 3CALL FAIL(I10UAIL);
34 3 END,
85 2 END IOSTEST;

86 1 DECLARE LOWUNIIT WOO MAKIN1), NIMSINIT WORD DAON(0);
87 1 DECLARE TIMERAILSUCW LITERALLY '4', TINERA!LINION LITEMUY ''
88 1 DECLARE (INITIfLTIIEFJINATIEEW TIIE) WW'~
89 1 DEOREI MT
90 1 TIPERSTEST: PROENtRP IC,

91 2 CALTIERSTARTi /* START TIES AMI*
92 2 CALL SKTIPI(25S); /e GIVE TIlER TIlE TO BEGIN FWICTIONIIG .
93 2 INITIOLSTIME z = OO
94 2 DO 11mT046; /e WIT FOR OE SEM S/
95 3 CALL WCINW259);
% 3 END);
97 2 FI1IRLTI1E4MLCKREAD;

96 2 BLWMTIME -- INITIfLTIrE - FINRLTTlE, /s CMIJEIERS ARE DONN O3WITERS s
99 2 IF LARM TIE (LOOIIIT TEN

109 2 CAL.L FAIL(TIIRgFRILSXfl);
181 2 IF ELASETIME > HIMKWIl9IT THEN
102 2 CAL.L FIL(T1MESFAILSUO)

103 2 END~ TIMERSTEST;

104 1 DECLR USHRTSFAIL LITERNJ.Y '6';
* 165 1 DELARE IJSART$STATUS LITERALLY 'OEDN', UWMTOATO LITERALLY 'IEM;'

M~ I USAMTTEST: PROCEtM PWUC.
107 2 CMJ V0TMOCTIIERi
108 2 CALL SITIN(1); /s MAKE CERTAIN TIE HAS STARTED 5

189 2 C&RL VOTRV(SET, /o SET l B ITM A 1 PARN sI
11$ 2 CALL SOCTIN(I86); /* WItE CMRAIN UIJWT HAS COMPLETED INTERNAL SETUP s/
111 2 OUTPT(URTSAT)46181S168., /e SEND) OUT TEST PATTERN
Il. CALL 5BCTIM(20); /0 lIT AFFCI 1. 94 SECXSRT 90LD BE DONE V/

/0 N. 8 THIS MUST BE LONG3 ENOMS EVEN WIThOT WAIT STATES e
ii. IF NOT SIR(IPIT(LSARTMAUS),2) THEN

I CALL FAIL(L9VTSFAIL ).
2 END LWSATTEST,

v' I END TESTIMOSOOIE;

C F2 IMA E ItNATIN 3~

0 (M AVE SIZ 014O MDE-5



VFPIFSE NOA SIZE OWUU liD

138 LINES READ
0 PRO"3V~ ERROR(S)

END OF PiLAi-e COPILRTION j
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$
AS :F IITST: .SC KM FILE TITLE,'tl OCT 78')

ISIS-1NS/ NACRO IE6IUER, V26 IUSTP M 1
,,i OCT 78

LOC 08J SE SOURCE STRTEPT

2 SKLNIO
3 EXTRN DONE
4 PUBLIC WITST
5
6 CSEG

8WD01 7 RINTST: POP 0 ;ET NEW A(*RESS THAT I. PJ-,
8 ;BYTH CLLMA10SAVEIT INrE DE
9 ;REGFAIR. ITWILLBEVID IFR

to ;IS OKM, DI) LUM OTlERIS.
IN8 81F8 Ui LXI B, 4w ; INCREIENTING THIS VLIE ABS CHECKING

12 ;FOR OVERFLOW WILL IlEICRIE EN TEST
13 ; IS FINIM.

@@04 216638 14 LXI H,380SI1 ; STflT OF RA
08*7 fF 15 LOOP: )PA A
NW 77 16 NO t ;STORE MAT LOCATION

1? NOV RN ;ED FRO SANE LOCRTION?
B7 18 OA A SET FLAGS

000 C21E8S C 19 X RRWfL IF 0 NOT READ BACK A TU FRILI ROUTIE
N882F 28 Cm~ IF PSSETHEN ACCAMmFFN
W 77 21 NOV PL ;STORE FFH AT LOCITION

0L8 E 22 NOV RI ,RERD FFN FRO S LOCATION?
*11 3C 23 II A ;IF FF REAI) ACK ACC

M812 C21ES C 24 ,NZ RWL ;IF FFH NOT REM) 9.1 AMP TO FAIL RO
$815 23 25 IN1 H ;USPESS WiX PIER LOCRTION
$86 03 26 INK B ;CECK FOR TEST COPPLETE
A@17 78 27 NOV R,B
108 B7 28 ORA A

($819 C2878 C 29 JNZ LOOP
m8iC D5 38 PUSH D ;PUT RETURN WOORESS BACK ON STCK.
031D C9 31 RET
0.1j D3V6 32 RRAFAL: OUT 06H ;FLIH LED I TIME TO INDICATE RO9 FAILIE
',*N 81EGFD 33 LXI L, 6588 ; DELAY WFROXIRTEY I SEC TEN JUMP TO
$3 Be 34 LOOP: OCX B ;DONE ROUTINE. THIS IS DNE BECAUSE THE

824 88 35 moP ;REST OF THE TESTS CANNOT BE RUN P IILY
.825 78 36 NOV ,U LESS TNE AN IS II1 KIN P OPE.Y
&868 37 mw Al

:427 C22360 C 38 JNZ LOOM
O&IR C3@WO E 39 imp ONE

40 El)

.tkiC SYMMB.S
ftWTST C AM

',,Eft 9SM S
".i- SM S

%.L,ko. F O LOOP C OW LOW C 002 RUWL C ME PANTST C U

AMY CWtF. NO ERR -
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Sno0 .FI:MWST. SC OMU tWKOFILE TITLE('18 JU' 79)

iS-Il WOOS FSSBULE V2 0 wUITST M*-E I

18 AN 79

LWh OBJ SEC SS3m STATEEV

W E MONT
2 SIKIN ON
3 EXTFM FOIL

4 PKflIC RONYS

6 CE
7

00 21909 8PONTST LXI "I O SRiRTOF FO~M

NV It31OW 9 LXl D, @4wS ,Sl IT W TEST M RPE
W0 K62 toOWA. WUI C.? 22 1 L09ES IWICHTES ROM AI"

OW 47 12 "N 6,0 ;SiE OM

OiffiED 13 XI

:MB ?E 14 NOV AN AERfA1EST RO

o Be15 C9 B ;A-B

mes~1~ C 1S jz CON1Zif TNM EWSOCID

OHIOS FS 17 KOS P511

it1llC5 t8 PUSH B

~t12(~519 PUSH I)-.0
ksl13 ES 28 US

k"14 (1)888 E 21 CALL FAIL
Wi7 El 22 pop H
k,48 D 23 pop
'4$19 C1 24 POP B
i~lf Fl 25 POP PSW91R LCTW
(*4A8l1 24 CONTZ ,IEX DOlIET04

27l(Z3 It4 H

ktl ED 29 MC 14 1 ES C E
iilF FE14 30 CPI 1H.5TS 09.

k.l2 U"68 C 3t jNZ UMAP
32 PET
33 EN

t1A4.IC SVNPtXS

Fw.kI~ SVNWOS

cS come1 FAIL f OW8 LOOA C 00 ROIIST C IM

Pc~ EmBLY (aLETE, ND ERROP
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0-908 -F1:CTIt SC DEVA MICWOILE TITLE( '23 (XT 78')

ISIS-11 868/W MFMR ASSEMLER, V2. SICTIM PA(E
23 OCT7?8

4 ~ LOC QBJ SEQSaRm STA1UlWIT

I WK SOCTIN
2 ST1N IN
3 PtUBLIC SOCTIN
4
5 CSEG

ow8 am6 6 SOCTIM: HVI 9,10
OW8 78 ? LOON: MY A's
06330 8 LOOA -DrR A
W84 C2630 C 9 JNW LOOPA
@'68 OD toCR C
em8 c2U C It Joe LWeP
ow8Cq i2 PET

13 EN

PUIBLI( SYMMOS
SBCTIN C OW8

E. TERAE SYMMOS

USER SYMMOS
LOOP(A C 6883 LOOKS C66OW SOCTIlC O66

A~SSEMBLY COMPLETE, NO ~R

E-
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